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ABSTRACT
China’s rapid economic growth has been fueled by industrialization and urbanization. Given its export
focus, this industrialization was spatially concentrated in the coastal eastern cities. Over the last decade,
a spatial transformation has taken place leading to a deindustrialization of the rich coastal cities and
sharp industrial growth in the inland cities. This survey examines recent work that studies the economic
geography of industrial production, per-capita income, pollution and quality of life in China’s cities.
We focus on the interaction between firms, local governments and the central government that together
determine the new economic geography of industry and pollution within China.
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1. Introduction
Growing at a nearly 10% average annual rate for three decades, China has become
the second largest economy in the world since 2010. Industrialization and
urbanization have reinforced each other in this rapid economic development of China.
For example, 40% of the world’s clothes are “Made in China”.1 The proportion of the
population living in urban areas increased from less than 20% in 1980 to 52% in 2012.
As the “The World’s Factory”, China’s industrialization has largely been driven by the
fast growth of export-oriented and labor-intensive industries in the coastal areas in
Eastern China. In the mid-2000s, more than 90% of total exports and roughly 60% of
industrial output was produced in those coastal cities (National Bureau of Statistics of
China, NBSC2).
Since the mid-2000s, the rising congestion costs associated with the industrial
agglomeration in large coastal cities began to drive the shift of the nation’s industrial
geography. Labor and land costs have been increasing dramatically in these cities. The
2008 global financial crisis shrank international demand. As a result, many large cities
in China’s Eastern Region have undergone de-industrialization, while the less
developed inland cities in the Central and Western Regions are experiencing fast
industrialization.

Many labor-intensive firms in large coastal cities either upgraded

their capital and technology, or moved to nearby small cities and inland cities such as
Wuhan and Zhengzhou. According to Qu et al. (2012), for twelve labor-intensive
manufacturing industries, the output ratio between coastal cities and inland cities
peaked at 8.04 in 2004, and then declined to 5.53 in 2008. The employment share of
labor-intensive industries in coastal cities also started to decline since 2008. The
manufacturing share of GDP in the Central and Western Regions (inland region or
inland area) grew from 36% in 2004 to 44% in 2010, but declined in the Eastern
Region (coastal region or coastal area) after 2008 (Figure 1). Since 2005, the
urbanization share in China’s Western Region has grown by 1.4 percentage points per
year (NBSC).
This changing geography of industrial production has important urban
implications. This change has been altering the spatial distribution of pollution and
1

Source: China Textile Industry Development Report 2010-2011. Published by China Textile &

Apparel Press, 2011.
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All NBSC data in this paper comes from China Statistical Yearbook, China Energy Statistical

Yearbook, China Environmental Statistical Yearbook and the website http://data.stats.gov.cn/index.
2

affecting the spatial income distribution across China. In China, industrial production
is the main source of both local and global pollutions. In 2011 the industrial sector
was responsible for 89.3% of total end-use energy consumption while the residential
sector only consumed the rest 10.7% (NBSC). Industrial production contributes
emissions to air and water, therefore industrial relocation and migration changes the
economic geography of industrial pollution. Public health researchers have
documented the health consequences of exposure to pollution (Ratcliffe et al., 1996),
and environmental and urban economists have also documented that urban pollution
is a major component of local quality of life (QOL) (Gyourko and Tracy, 1991; Zheng
and Kahn, 2013a).
Cities featuring high air and water pollution must pay compensating differentials
measured in terms of higher wages and lower real estate rents in order to attract
workers to live in such cities (Rosen, 2002). Empirical studies have documented
that, all else equal, real estate prices across and within Chinese cities are higher in
areas that are less polluted (Zheng and Kahn, 2008; Zheng et al., 2013a).

Given that

a clean environment is a normal good, the richer and more educated urban households
in China’s Eastern Region value it more than their counterparts in Western and
Central Regions.
The economic geography of industrial pollution is an emergent property of the
locational choice of industrial plants. Where firms locate is both a function of the
natural advantages of different geographic areas and the regulatory policies and
incentives offered by different local governments.

Local governments who are

aware of this strategic dynamic must decide whether to enforce regulations and pay
the price of losing some footloose dirty jobs or to enjoy the environmental gains of
deindustrializing.

In richer coastal cities, the local governments are enforcing

stricter environmental regulations. A U.S literature on regulation’s unintended
consequences has documented that differential enforcement of pollution regulation
encourages industrial migration to areas featuring more lax regulation (Kahn, 1997;
Becker and Henderson, 2000; Greenstone, 2002; Kahn and Mansur 2013).
Booming industrial activity brings new economic opportunities but cause
environmental deterioration in China’s inland region. This paper surveys recent
research to understand this tradeoff between regional convergence in income and the
spatial distribution of industrial pollution. How does the relocation of industrial
activity alter the spatial distribution of income, pollution and local quality of life?
3

We review the related literature and present new evidences on these key questions
related to China’s changing urban standard of living.
A series of studies investigate how China's exports affect importing nations
(Broda et al., 2009; Feenstra and Wei 2009; Bloom et al., 2011; Autor et al., 2013;
Atristain, 2012). Those studies focus on the external effects of China’s industrial
production dynamics. In contrast, we focus on how China's spatial equilibrium is
affected by industrial production dynamics.
The remainder of the paper is organized as follows. Section 2 presents the spatial
dynamics of industrial location in the last 30 years in China. Section 3 discusses the
urban implications of the recent geographic change in industrial activities on spatial
disparities in income, pollution and local QOL. Section 4 concludes.

2. The Changing Geography of China’s Industrial Production
2.1 Descriptive Statistics
Starting in the 1980s, with the transition in China from the central-planned
economy to a market economy, transportation costs have played a key role in
determining profit maximizing firms’ locational choice. Consistent with the theory of
New Economic Geography (NEG) (see Krugman, 1991 and Neary, 2001), China’s
coastal cities in the Eastern Region with good access to the global market became the
most attractive location for private manufacturing firms. State-Owned Enterprises
(SOEs) lack the flexibility of choosing their locations, but the existing manufacturing
SOEs in coastal cities also enjoyed the benefits of a booming economy and expanded,
while many in Western and Central Regions had a weak performance and some went
bankrupt. In the mid-2000s, more than 65% of manufacturing employment in
above-scale (with annual sale above 5 million RMB) industrial firms was located in
the coastal region, as compared to 42% in 1980. Shanghai, Tianjin, Beijing,
Guangzhou and Suzhou were the top five cities with the highest manufacturing
employment (NBSC). The bar graph in Figure 1 shows the manufacturing sector’s
value-added in both the coastal and inland regions between 1996 and 2010 (at
constant 2010 RMB). The coastal region had a higher growth rate than the inland
region during 1996-2004, but this trend flipped over since 2005 and the ratio of the
two has kept declining since then in this period.
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Source: NBSC

Figure 1. Manufacturing output in the coastal and inland regions

Many empirical studies show that during the early years of China’s industrial
export growth, the economic activity was highly spatially concentrated. Wen (2004)
calculates industrial local Gini coefficients for three-digit manufacturing industries
using value-added data, and finds that large- and medium-sized manufacturing firms
were highly geographically concentrated with nearly all of the industries recording a
Gini coefficient greater than 0.50 (with one third of them over 0.80) in 1995, and most
industries were clustered in the Guangdong and Jiangsu provinces. He also finds that
this concentration trend rose from 1980 to 1995. Using three measures of industrial
concentration, Long and Zhang (2012) find similar patterns between 1995 and 2004,
especially for those export-oriented industries.
Since the mid-2000s, the sharply rising labor and land costs in coastal cities have
pushed labor-intensive manufacturing firms either to upgrade their capital and
technology or to move out. The shrinkage of international market demand after 2008
Global Financial Crisis also reduced the relative location advantage of the coastal
cities. In Figure 1, the annual growth rates of manufacturing value-added (at constant
2010 RMB) in the coastal and inland regions between 2004 and 2010 were 19% and
25%, respectively, and the ratio of these two switched from increasing in 1996-2003
to declining in 2004-2011. Qu et al. (2012) report that the share change in
5

employment, assets and output values for all manufacturing industries (especially for
labor-intensive industries) in the coastal area have slowed down or even decreased
since 2004 (see Figure 2). Bao et al. (2012) find that this changing geography of
industrial production mostly happened for labor-intensive industries, and the coastal
area is still the home of high-tech industries.

All Manufacturing

Labor-intensive industries

Source: Qu et al. (2012)

Figure 2. The share of manufacturing activity in the coastal region

2.2 Market Fundamentals and Industrial Spatial Geography Dynamics
The initial geographic concentration in coastal cities brought increasing return to
scale and generated regional specialization among firms (Long and Zhang, 2012, He
and Pan, 2013, Lu et al., 2013). Based on Annual Survey of Industrial Firms (ASIF)
from 1998 to 2005, Li et al. (2012)’s instrumental variables estimation shows that an
one-standard-deviation increase in industrial agglomeration index leads to increasing
return to scale and thus results in a 0.34-standard-deviation increase in firm size. Li
and Lu (2009) find that geographic concentration not only decreases delivered prices
for inputs based on proximity to suppliers, but also encourages more specialization
and less vertical integration, which are consistent with the findings in Goldstein and
Gronberg (1984) and Helsley and Strange (2007).
Since mid-2000s, labor costs have been rising quickly in the coastal region (Gao,
2004; Qu et al., 2012). The wage gap between coastal cities and inland cities was
almost zero in 1980 but grew to 1.5 in mid-2000s. Qu et al. (2012) use the ASIF
dataset from 1998 to 2008 covering 31 provinces and 30 manufacturing industries to
show that, from 2004, the size of the rural surplus labor has significantly decreased,
and the large coastal cities started to face labor shortages and faster rising labor cost.
6

In these cities, firms chose to switch to capital-intensive and high-tech industries.
In recent years, land prices in coastal cities have soared. Manufacturing is land
intensive and thus it is not surprising that these manufacturing industries were out bid
by high-tech, finance and other high-skilled industries which attract more
international capital inflows and are able to pay much higher land rent. In 2012, the
auction price ratio of commercial/residential land over industrial land was 13.8 in
coastal cities, but was 7.6 in inland cities. Therefore, large coastal cities face a large
opportunity cost for manufacturing activity in their cities. Such manufacturing land
could be used for higher value commercial and residential towers. In inland cities,
there is not such a demand for residential and commercial real estate.

Source: China Land and Resources Statistical Yearbook

Figure 3. The annual auction price (at constant 2010 RMB) for industrial land
across China’s regions (2005-2011)

The average auction land price in coastal cities was roughly the same as that in
inland cities in 2005 but later the former was about 170% of the latter in 2011 (Figure
3).3 Figure 3 highlights the growing land price gap for industrial use between the
Eastern Region and the Central and Western regions after 2008. Gao et al. (2012)
estimate a dynamic panel data model using data for 35 major Chinese cities in
2000-2009 and find that rising real estate prices is one important factor explaining
why manufacturing firms are moving from coastal areas and relocating to inland
areas.
The inland cities also have a cost advantage in electricity price. For instance, the

3

Data source: China Land and Resources Statistical Yearbook
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industrial electricity price in Zhejiang province is roughly 15% and 7% higher than
Henan province and Shaanxi province, respectively in 2012 (National Development
and Reform Commission, NDRC). A U.S.-based research has documented that energy
intensive firms are more likely to locate in geographic areas where electricity prices
are lower (Kahn and Mansur 2013).
Given these push factors, the second tier and third tier cities in China’s Western
and Central Regions have become increasingly attractive destinations for labor and
energy intensive manufacturing thanks to their low-price land and electricity, ample
labor supply, improved transportation infrastructure and institutional environment.

2.3 The Role of Government in Determining the Geography of Industrial
Production
A distinctive feature of Chinese cities is that the central and local governments
both have a “visible” hand in influencing firm location choices, with fiscal and land
policies as basic policy tools. At the beginning of China’s Economic Reform, China’s
central government recognized the coastal area’s locational advantage and designed
several favorable policies, such as setting up Special Economic Zones (SEZs) in this
area. Favorable short-term tax deduction and other favorable policies were set in those
SEZs to attract foreign direct investments (FDI) and foster industrial clusters (Gao,
2004; Du et al., 2008). Labor migration restrictions (hukou system) from the
countryside to cities were gradually relaxed and this allowed a huge flow of migrant
workers to move to coastal cities and thus provided sufficient cheap labor to those
labor-intensive manufacturing industries located there.
Local leaders have a strong incentive to foster the growth of their local economy.
A booming economy increases local fiscal revenue, especially after taxation reform in
1994 (Lu and Tao, 2009).

The local leaders compete with each other in their

respective attempts to be promoted within the central government’s promotion system
(Qi, 2008). Each local leader knows that local GDP growth has been a key
determinant of promotion (Zheng et al. 2013b, Qi and Zhang, 2013). Given that the
industrial sector contributed a large share of GDP and tax revenue, local governments
competed to offer cheap land, tax deductions, good infrastructure and favorable
institutional environment to attract FDI and other firms that can produce high tax

8

revenues in the long-term.4 In Broadman and Sun (1997)’s study, FDI’s location
choice in China was determined by market size, proximity to port, infrastructure
condition and favorable policies.

They find those subsidies in SEZs provided

enough incentives to attract FDI.
Some scholars argue that the changing geography of industrial production since
the mid-2000s has been largely driven by government interventions (Lu and Xiang
2013). Unlike many western countries, China’s central government has been pursuing
a well-defined set of regional growth policies. The Western Development Program
and “Rising of Central China” Program launched in 1999 and 2004, respectively,
provide infrastructure aid and support for industrial adjustment to western and inland
provinces. The Northeast Revitalization Program focuses on reinventing the poor
cities in China’s Northeast (Liaoning, Jilin and Heilongjiang) that once benefited from
the emphasis on heavy industry under the central planning. The share of the land
supply in inland regions had increased roughly 15% between 2003 and 2010 (Lu and
Xiang, 2013), most of which came from taking agriculture land from farmers. Vast
infrastructure investment in highways and high-speed railways has greatly shifted the
industrial location patterns (Faber, 2013). Starting in 2007, China has introduced
several new high-speed rails that connect large cities such as Beijing, Shanghai,
Guangzhou, and Wuhan with nearby cities. Through facilitating market integration,
high-speed rail stimulates the development of 2nd and 3rd tier cities and this will
reduce discrepancies in income inequality across China’s cities (Zheng and Kahn,
2013b). Once China’s inland cities were connected to the rest of the nation, the inland
mayors there then aggressively started to build SEZs and offer the traditional
packages of SEZ incentives to lure firms to inland area.
Generous local government incentives can induce industry to move to less
productive areas.

By comparing several indicators including industrial output, labor

distribution, firm size, capital-labor ratio, labor cost and labor productivity by region
and year, Cai et al. (2009) find that many of these indicators did not show
4

For example, in Zhejiang Province’s “new technology zones”, the government spent 100 thousand

Yuan per mu (96 thousand US dollars per acre) on average to provide basic infrastructure to the
industrial land, but the average sale price of such industrial land to firms was only 86 thousand Yuan
per mu (83 thousand US dollars per acre), even less than the infrastructure cost. Half of the industrial
land parcels were sold at the price less than 50% of the infrastructure construction cost. In some inland
provinces that are keen to attract FDI and high-tax-revenue industries, some “new technology zones”
sold their industrial land at a price of zero. See
http://www.snzg.cn/article/2011/0318/article_22780.html
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comparative advantage for industrial development in inland regions but industrial
firms were moving there largely by the favorable incentives provided by
governments.
This highlights that there can be a tension between central government goals of
fostering overall economic growth while simultaneously seeking to reduce spatial
income inequality.

If poor cities are inherently less productive (perhaps due to

geographic factors), then investing in such areas may yield a relatively low rate of
return relative to investing in areas with better fundamentals.

Conversely, standard

convergence arguments might predict that the marginal returns to investment in such
areas may be high (Barro and Sali-i-Martin 1991) .

3. Implications for Spatial Variation of Income, Pollution and Local Quality of
Life
The initial concentration of manufacturing activities in coastal cities, and the
much higher productivity within manufacturing sector in those places resulted in
inter-regional income disparity between coastal and inland areas (Ge, 2006; Tsui,
1996). Using GDP and industry output data, Fujita and Hu (2001) find that the
coastal/inland output ratios increased in all the eighteen manufacturing industries
from 1983 to 1994, which accounted for more than 55% of interregional income
variation. FDI-based enterprises with higher productivity locate close to the
international market and significantly contribute to the spatial variation in income
(Fujita and Hu, 2001; Ge, 2006). Wan et al. (2007) estimate that both international
trade and inflows of FDI contributed to the rising inter-regional income Gini
coefficient from 1987 to 2001.
To reduce this high income inequality between the coastal areas and inland areas,
China’s central government made large fiscal transfer payments to under-developed
inland regions. Such transfers had a short-term effect in reducing regional income
inequality (Chen and Groenwold, 2010). But in the long-run, increasing the mobility
of labor and firms is believed to be a better way to mitigate such income inequality
issue. (Lu, 2013)
Since the mid-2000s, the growth of industrial production in inland cities has
contributed to the spatial income convergence. For instance, the annual wage growth
was 16.7% for manufacturing workers in the Eastern Region during 2006 to 2010,
10

while this rate were 20.4% and 19.3% in the Central and Western Regions in the same
period, respectively (NBSC). The labor income gap between coastal cities and inland
cities shrank slightly from 1.4 in 2005 to 1.3 in 2010 (NBSC). However, the income
increase in those inland cities has been accompanied with more industrial pollution
emission there.
3.1 Pollution Production as a Consequence of Industrial Locational Choice
The geographic concentration of manufacturing activity has significant local
environmental impacts. During the 1980s, black smoke from smoke stacks became
the characteristic of Chinese industrial cities; subsequently, many southern cities
began to suffer from extremely high levels of acid rain pollution, and large cities’ air
quality was greatly deteriorated due to nitrous oxides (NOx), carbon monoxide (CO)
and other pollutants due to the combustion of coal (He et al., 2002). Cao et al. (2011)
shows that the Eastern Region experienced heavier emissions of such air pollutants
than the rest of the country, due to the large share of industrial activities and power
plants located there. As the World Bank reported, twelve of the twenty most polluted
cities in the world were located in China (World Bank, 2007). Industrial activities also
led to a severe deterioration in water quality, and roughly 70% of the river water was
unsafe for human consumption (World Bank, 2006) at the beginning of the century.
Industrial firms produced more than 35 percent of pollutant discharges into Chinese
rivers in 2007, including heavy metal and organic pollutants5.
In Table 1, we present the annual percent change in different industrial emissions
indicators for different Chinese regions. Between 2004 and 2010, both industrial SO2
and COD emissions declined in the Eastern Region, but increased in the Central and
Western Regions. The t-tests show that this spatial variation in the annual growth rates
is statistically significant for both industrial emission types.

5

Dataset of the First China Pollution Source Census
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Table 1 Average annual percentage change in industrial SO2 and COD 6
(2004-2010)
The Eastern Region
(μ1)
The Central and Western
Regions (μ2)
t test (H0: μ2=μ1)

Industrial SO2

Chemical Oxygen Demand (COD)

-1.69%

-1.87%

1.74%

0.33%

2.029**

1.578*

Data source: NBSC
Note: * p < 0.10, ** p < 0.05

Industrial pollution is highly correlated with energy consumption. Scale,
composition and technique effects work together to determine the total energy
consumption from a city’s industrial sector (Copeland and Taylor, 2004). Scale refers
to the sheer count of jobs and output located in a city while composition refers to a
city’s set of industries and the vintage of its capital stock. Technique represents
emissions per unit of economic activity. If technique effect keeps constant over time,
the increases in both scale and share of energy-intensive manufacturing industries in
China’s inland cities will lead to rising energy consumption and energy intensity
(energy consumption per GDP dollar).

The scale of industrial production in inland

cities has been rising faster than that in coastal cities. In Table 2 below we do a simple
decomposition exercise on energy intensity (energy consumption per GDP dollar)
from the industrial sector in these two regions.

The results reported in Table 2 show

that the composition effect increases inland cities’ energy intensity while it reduces
that in coastal cities. Between 2006 and 2011, keeping technique effect constant, the
change in manufacturing share in output contributed to a 3.17 tce (tonne coal
equivalent) decline and a 6.83 tce increase in coastal and inland cities, respectively.
The good news is that, technology upgrading had made a major contribution to energy
intensity decline in both regions (Rock et al., 2013). Our own calculations show that
the inland cities enjoyed a 19.8 tce energy intensity decrease which outweighed the
positive composition effect so that the net change in energy intensity is negative for
the Inland Area.

6

COD is “chemical oxygen demand”. The concentration of COD reflects the amount of organic

compounds in water.
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Table 2 Energy consumption, energy intensity changes in coastal and inland
cities
Year/Period
2006
2011

Coastal cities
46%
44%

Inland cities
41%
45%

Composition effect (tce per million RMB)

2006-2011

-3.17

6.83

Technique effect (tce per million RMB)

2006-2011

-22.4

-19.8

Manufacturing share in output

Notes: (1) When we calculate the composition effect, we assume sector-specific energy intensity is
constant (use nationwide numbers in the initial year 2001) and let a city’s industrial composition
change over time. This means: Composition effect 

(S
i

ij ,2011

 Sij ,2006 )  EI i ,2006 ; Similarly, when

we calculate the technique effect, we assume a city’s industrial composition is constant (use numbers in
initial year 2001) and let nationwide sector-specific energy intensity change over time. This means:

Technique effect   ( EI i ,2011  EI i ,2006 )  Sij ,2006 . Where subscript i and j denote industry and region
i

respectively, EIi denote nationwide energy intensity of industry i, Sij denotes industry i’s share in
output in region j.
(2) tce refers to “tonne coal equivalent”, which is a standard unit of energy consumption used in
Chinese statistics.
Data Source: NBSC

This calculation highlights that the migration of industrial factories towards the
west does induce a “zero sum pollution game”. As coastal cities such as Shanghai
grow cleaner due to deindustrialization, there are social marginal benefits from
reducing the pollution exposure of millions of Shanghai wealthy residents to
industrial pollution.

A pessimist would posit that an equal amount of damage is

created in the inland area where the factory moves. This logic is false because more
people live in the large coastal cities such as Shanghai and thus exposing them to less
pollution reduces the Pigouvian social cost of industrial production in China.
China’s industrialization growth has taken place within a global economy. Access
to global markets not only offers China export destinations and foreign direct
investment but it also offers access to cleaner international technology. Such advanced
technology offers the possibility of China’s industry reducing its emissions per dollar
of production, which may be the underlying reason for the large technique effects in
both regions documented in Table 2.

Some evidence is found in empirical studies.

Wang and Jin (2007) find that foreign firms exhibit better environmental performance
than state-owned and privately owned firms because the foreign firms use cleaner
13

technology and are more energy efficient. Zheng et al. (2010) also report a negative
correlation between a city’s FDI inflows and its ambient air pollution level using IV
regression strategy. Fisher-Vanden et al. (2013) examine the factors inducing the
declining energy intensity in four Chinese industries (pulp and paper, cement, iron and
steel and aluminum). The factors include rising energy cost, rising R&D investment,
market-oriented reform and the import of foreign technology.

3.2 Energy Production as a Function of Industry Location
Electricity generation has provided a crucial input for China’s rapid
industrialization in the past decades. In 2010, more than 70% of total electricity was
consumed by the industrial sector (NBSC). China has the third largest coal reserves in
the world, and 80% of China’s electricity is generated using coal (NBSC). Therefore,
pollution hot spots emerge as a byproduct of the industrial production. When
industrial production was concentrated in the coastal area, a large number of
coal-fired power plants were located close to those industrial clusters to minimize
transmission line loss. Since those industrial clusters are also large cities with high
population density (Figure 4), this means that a large share of population has been
exposed to the air pollution produced by the coal-fired plants.
With the evolving geography of industrial production, most of the newly-built
coal-fired power plants emerged nearby inland cities. In this way, those plants can
minimize transmission cost and coal transport cost simultaneously (see Figure 4 for
the spatial distribution of coal reserves in China). In addition, some coal-fired power
plants in coastal cities were shut down due to the stricter pollution regulation there.
Since the 2000s, new coal-fired power plants are not allowed to locate near coastal
cities. It is predicted that more than 80% of newly-built power plants will locate in
inland cities in the near future.7
From an environmentalists’ perspective this is mixed news. On the positive side,
the densely populated coastal area will be exposed to less pollution. Another piece of
good news is that the central government has requested coal-fired power plants,
especially the newly-built ones, to install desulfurization equipment, such as SO2
scrubbers (Xu et al., 2009). Figure 5 shows the install capacity of desulfurization
7

Source: http://www.wri.org/blog/can-china%E2%80%99s-air-pollution-action-plan-slow-down-new

-coal-power-development
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equipment in coal-fired power plants. Unfortunately, with insufficient monitoring,
there was much less focus on whether such SO2 scrubbers are operated properly such
that they actually reduce pollution. It was reported that, in some plants the equipment
was left idle (Wang, 2013).

The bad news, in terms of reducing China’s greenhouse

gas emissions, is that China is building new coal fired power plants and these power
plants have a high carbon emissions factor.

Sources: Coal reserves and population density from NBSC, 2011; population density was calculated
based on population and land area; energy intensity of 8 regions is integrated based on provincial
energy and gross Regional Product data.

Figure 4. Population density and the distribution of coal reserves (2010)

Figure 5. The installed capacity of desulfurization equipment in coal-fired power
plants (2011)8
8

Source: http://www.mep.gov.cn/gkml/hbb/bgg/201104/W020110420407642353906.pdf
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3.3 Spatial Displacement Effects Caused by Differential Environmental
Regulation
Chinese urbanites differ with respect to their willingness to pay to avoid pollution.
People in richer cities are willing to pay more to face less pollution and this
incentivizes their local leaders to pursue more stringent environmental regulation
(Zheng and Kahn, 2013a). As shown in the case of the United States, if some cities
adopt strict regulation while other cities have lax regulation then this will induce some
dirty factories to seek out the lower cost-low regulation city (Henderson, 1996;
Greenstone, 2002). In United States, Kahn and Mansur (2013) examines that
energy-intensive industries concentrate in low electricity price counties and
pollution-intensive industries locate in counties featuring relatively lax Clean Air Act
regulation.

In China, the coastal region’s environmental regulation has become

much stricter than before (Van Rooij and Lo 2010).
Environmental regulations in China can be divided into two types: One is
administrative interventions such as stipulation of filter installment (Xu et al., 2009),
and the other is economic incentives such as pollution levy (Wang and Wheeler, 2005;
Lin, 2013).
Mayors of coastal cities tend to move dirty firms out of their cities, and at the
same time, the city governments in under-developed area welcomed these firms for
economic growth and employment opportunities which are now their “golden goose”.
Those inland city mayors have the incentives to tolerate large firms’ heavy pollution
in return for generating local tax revenue, creating job opportunities, and promoting
economic growth (Jiang et al., 2013; Yu et al., 2013).
Consistent with the “pollution haven” hypothesis, many energy-intensive
manufacturing firms relocated or started their new business in inland cities with lower
production cost and laxer environmental regulation, which can be called a “domestic
pollution haven”. For instance, Beijing moved out a large amount of polluting firms to
nearby cities in the Hebei province before the 2008 Olympic Games9. The media has
claimed that these factories are a major reason for the aggravated environmental
pollution in Hebei in recent years. Foxconn, one of the biggest Taiwanese
manufacturers of Apple products, moved its factory from Shenzhen to Henan which
9

Source: http://www.chinadaily.com.cn/business/2011-06/18/content_12729071.htm
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also raised public concerns about pollution growth.

A media report shows that 39 of

43 industrial projects with large pollutant emissions were introduced into the Western
Region in 2000.10 Ningxia, a province in the Western Region (see Figure 1), had a
total export of 650 million dollars in 2004, 56.9% of which was contributed by
energy-intensive and polluting firms.11 Based on water pollution data, Zheng et al.
(2013) conduct a case study on tracing the water pollution transfer associated with
industrial transfer between Yangtze River Delta and Henan province, and find that
several pollutants (such as the sulfonamides and steroids) could be detected in the
water sample due to this industrial relocation.
In recent years, a common phenomenon is the within-province industrial
relocation. For instance, Guangdong province is subsidizing polluting firms in the
Pearl River Delta to relocate in the northern part of the province, and Jiangsu province
is relocating those firms to the north-Jiangsu (Subei) area. This may be the provincial
governments’ intended strategy of trying to green the big city by moving dirty activity
further from the major population centers and trying to spread income to the poor
underperforming areas within the region (Zheng and Kahn, 2013a; Cai et al., 2013).

3.4 The Local Quality of Life Impact of Industrial Pollution Dynamics
Industrial emission directly affects a city’s air and water pollution levels. Figure 6
shows the composition of various sources of Beijing’s PM2.5 concentration in 201112.
Coal combustion emission, local industrial emission and imported emission from
nearby industrial hot spots accounted for 16.7%, 16.3% and 24.5% of the PM10
concentration, respectively. Zheng et al. (2013a) also estimate the size of this
cross-boundary pollution and find that a 10% decrease in imported neighbor pollution
is associated with roughly 1.7% increase in local PM10 concentration in 85 Chinese
cities.

10

Source: http://www.people.com.cn/GB/channel7/498/20000628/121718.html

11

Source: http://china.qianlong.com/4352/2005/07/13/2001@2717046.htm

12

Source: http://www.readdailynews.com/news-3843243-The-industrial-spray-set-haze-volt-the-PM2

5-sources-accounted-ranking-after-the-motor-vehicle-exhaust-and-coal-emissions.html
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Figure 6. Proportions of different sources contributed on Beijing’s PM2.5
concentration

Industrial pollution has many negative impacts on local quality of life, such as
lowering worker productivity, hurting children and the elderly, and reducing the desire
to outdoor activities. Its negative externality on public health has been well
documented (Chen et al., 2004; Guo et al., 2009; Kan et al., 2012; Venners et al.,
2003). Ebenstein (2012) finds that industrial activity has led to a severe deterioration
in water quality in China’s lakes and rivers. He estimates that a deterioration of water
quality by a single grade (on a six-grade scale) increases the digestive cancer death
rate by 9.7%. His econometric strategy contrasts OLS estimates of site specific death
rates on local water quality with IV estimates where he instruments for a site’s water
quality using variation in precipitation across the sites and variation in the distance
from the site to the nearest river’s headwaters. Currie et al. (2013) review the
empirical literature providing both direct and indirect evidence that early childhood
exposure to pollution significantly impacts later life outcomes. Chen et al. (2013)
employ a quasi-experimental approach to provide clear evidence that China’s
coal-based winter heating policy cut life expectancy by over five years in northern
China during the period 1981 to 2000.13
The urban quality of life literature emphasizes that spatial variation in wages and
rents represents a compensating differential for place based local public goods (Rosen,
2002).

This revealed preference methodology allows scholars to identify urban

households’ demand for non-market goods, including urban environmental amenities
13

China’s winter heating policy provides free heating via the provision of coal for boilers in cities

north of the Huai River but denied heat to the south.
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(Albouy, 2008; Albouy and Lue, 2011; Gyourko et al., 1999). In both intra-city and
inter-city studies focusing on China (Zheng and Kahn 2008; Zheng et al., 2010,
2013a), it is found that home prices are lower in cities or in the locations within a city
with higher ambient pollution levels or less green space. Recent research has found
in China that the marginal valuation for green amenities is rising over time. Using the
same data as that in Zheng et al. (2013a), we calculate the capitalization rates of PM10
concentration in home prices in China’s inland and coastal cities, and their changes
over time (Table 3), controlling for a rich set of city attributes (population,
temperature, employment share of manufacturing sector, green space per capita,
health care, education and other urban amenities). In both periods, the richer coastal
cities have a higher willingness-to-pay for less PM10 pollution than the poorer inland
cities, and both numbers are rising over time.

Table 3. Elasticity estimates of the real estate capitalization rates of PM10
concentration
Period
Region
Capitalization rate
(marginal
willingness-to-pay)

2006~2007
Coastal
Inland
cities
cities

2008~2009
Coastal
Inland
cities
cities

-0.493

-0.642

-0.323

-0.466

From Table 3, we see that, all else equal, a 1% decrease in PM10 concentration is
associated with a 0.32 – 0.64% increase in home price. There is no property tax in
Chinese cities, and many cities rely on land sales for a large share of their annual
revenues (around 60%) (Cai, Henderson and Zhang, 2009). This reliance on land sale
revenues in Chinese cities may incentivize local governments to internalize quality of
life effects because this will increase their land’s value (Arnott, 2008). While Chinese
cities rely on land sales for revenue today, it is likely that cities will run short of land
at some time point in the future. This will encourage such cities to introduce a
property tax system. Those cities with high quality of life and high real estate prices
could enjoy high revenues under this scheme (Zheng and Kahn, 2013a).
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4 Conclusion
Any American who has walked into a Walmart Superstore knows that China has
been an industrial powerhouse producing many of the goods that consumers seek
ranging from computers to American Flags. While China’s industrial production has
created great wealth, a byproduct of such massive production of heavy industry
combined with a reliance on coal fired electricity has been a huge amount of urban
pollution.

Given that coal is a fossil fuel, this electricity generated for industrial

production has also led to soaring greenhouse gas production in China.
This paper has surveyed several literatures to provide a comprehensive overview
of the spatial evolution of industrial production, income, pollution and quality of life
across China’s cities over the last 30 years. The initial concentration of industrial
activities in the coastal cities had driven the fast economic growth as well as
deteriorated environmental quality there. Many empirical studies document the
shifting geography of industrial production toward inland cities since the mid-2000,
due to the rising congestion cost of labor and land in the coastal area. This trend has
contributed to inter-regional income convergence, and also brought pollution and
negative QOL impacts to the inland area. Though the scale and composition effects
work together to increase the total energy consumption and energy intensity in inland
cities, we detect a significant technique effect which helps the inland cities to reduce
their energy intensity and become cleaner. This indicates that the new factories
established there may employ more modern engineering technology. This may raise
the possibility that the on-going geography dynamics of industrial production will not
become a zero-sum pollution game. Instead, it may generate net social benefit as
high-density coastal cities deindustrialize and hence reduce their population’s
exposure to pollution while new factories in inland cities use greener technology. This
optimistic view hinges on whether the technique effect (i.e newer factories opening in
the West using relatively low emissions per unit of production) out-weighs the scale
and composition effects in the long-run in inland cities.
The fascinating feature of China is the mixture of classic natural advantage
features and the strong hand of the local and central governments. The well-defined
set of regional balance policies pursued by the central government contributed a lot to
this spatial dynamics, and the inland city mayors have also been keen to attract dirty
manufacturing firms which can bring them with economic growth, employment
opportunities and tax revenue. The stricter environmental regulation in richer coastal
20

cities where people have a stronger demand quality of life also pushed those dirty
firms to the inland cities with laxer environmental regulation. Similar with what had
happened in large coastal cities in the last twenty years, we can predict that, as the
booming industrial activities continue to generate income growth in the inland area,
urban households there will also have a higher willingness-to-pay for local quality of
life, and will push local leaders to impose stricter environmental regulations. In a
system of cities both within China and across country borders, it is possible that we
will observe those industrial activities further migrate to the cities in less-developed
countries, such as Vietnam, Philippines and Africa, which is consistent with the
“pollution haven” hypothesis.
Throughout this survey, we have discussed a dynamic regional general
equilibrium process without writing down a formal general equilibrium model.
Future research should consider constructing such a model in which industrial
production creates wealth and pollution.

Local quality of life is a function of

per-capita income and pollution. Locations differ with respect to their comparative
advantage and alternative uses for manufacturing land. Such research would need to
formally model the actions of a strategic national government simultaneously seeking
to encourage macro growth, environmental progress and regional income convergence.
This survey has demonstrated why such an endeavor is important and how the
evolving empirical agenda has quantified many facts relevant for considering the
tradeoffs that China’s industrializing and deindustrializing regions now face.

21

References
Albouy, D. (2008) Are Big Cities Really Bad Places to Live? Improving
Quality-of-life Estimates across Cities. National Bureau of Economic Research
Working Paper No. 14472.
Albouy, D., and Lue, B. (2011) Driving to Opportunity: Local Wages, Commuting,
and Sub-metropolitan Quality of Life.
http://www-personal.umich.edu/~albouy/QOL/localQOL.pdf.
Arnott, R. (2008) “Housing Policy in Developing Countries: The Importance of the
Informal Economy.” In Urbanization and Growth, edited by Michael Spence,
Patricia Clark Annez, and Robert M. Buckley, 167-96. Washington, D.C.: World
Bank.
Atristain, F. (2012) Challenges and Opportunities in China’s Overseas Special
Economic Zones: Zambia and Mauritius Case Studies.
http://www.economia.unam.mx/deschimex/cechimex/chmxExtras/documentos/c
uadernos/2012/Cuadernos%20del%20Cechimex%202012-7.pdf
Autor, D. H., Dorn, D., and Hanson, G. H. (2013) The China Syndrome: Local Labor
Market Effects of Import Competition in the United States. American Economic
Review, 103(6): 2121-2168.
Bao, C., Chen, Z. and Wu, J. (2013) Chinese Manufacturing on the Move: Factor
Supply or Market Access? China Economic Review, 26: 170–181
Barro,

R.

J.,

Sala-i-Martin,

X.,

(1991)

Convergence

across

States

and

Regions. Brookings Papers on Economic Activity, 107-182.
Becker, R. and Henderson, J. V. (2000) Effects of Air Quality Regulations on
Polluting Industries. Journal of Political Economy, 108(2): 379-421.
Bloom, N., Draca, M. and Van Reenen, J. (2011) Trade Induced Technical Change?
The Impact of Chinese Imports on Innovation, IT and Productivity. National
Bureau of Economic Research Working Paper No. 16717.
Broadman, H. G., and Sun, X. (1997) The Distribution of Foreign Direct Investment
in China. The World Economy, 20(3): 339-361.
Broda, C., Leibtag, E. and Weinstein, D. E. 2009. The Role of Prices in Measuring the
Poor’s Living Standards. Journal of Economic Perspectives, 23(2): 77-97.
22

Cai, F., Wang, M. Y., and Qu, Y. (2009) Industrial and Labor Relocations among
Chinese Regions. China Industrial Economics, 8: 5-16. (in Chinese)
Cai, H., Chen, Y. and Qing, G. (2013) Polluting Thy Neighbor: The Case of River
Pollution in China. Working paper.
Cai, H., Henderson, J. V. and Zhang, Q. (2009) China’s Land Market Auctions:
Evidence of Corruption.” National Bureau of Economic Research Working Paper
No. 15067.
Cao, G., Zhang, X., Gong, S., An, X. and Wang, Y. (2011) Emission Inventories of
Primary Particles and Pollutant Gases for China. Chinese Science Bulletin, 56(8):
781-788.
Chen, A. and Groenewold, N. (2010) Reducing Regional Disparities in China: An
Evaluation of Alternative Policies. Journal of Comparative Economics, 38(2):
189-198.
Chen, Y., Ebenstein, A., Greenstone, M. and Li, H. (2013) Evidence on the Impact of
Sustained Exposure to Air Pollution on Life Expectancy from China’s Huai
River Policy. Proceedings of the National Academy of Sciences, 110(32):
12936-12941.
Chen, B., Hong, C. and Kan, H. (2004) Exposures and Health Outcomes from
Outdoor Air Pollutants in China. Toxicology, 198(1): 291-300.
Copeland, B. R., and Taylor, M. S. (2004) Trade, Growth, and the Environment.
Journal of Economic Literature 42(1): 7-71.
Currie, J., Zivin, J. S. G., Mullins, J. and Neidell, M. J. (2013) What Do We Know
About Short and Long Term Effects of Early Life Exposure to Pollution?
National Bureau of Economic Research Working Paper No. 19571.
Du, J., Lu, Y. and Tao, Z. (2008) FDI Location Choice: Agglomeration vs
Institutions. International Journal of Finance & Economics, 13(1): 92-107.
Ebenstein, A. (2012) The Consequences of Industrialization: Evidence from Water
Pollution and Digestive Cancers in China. Review of Economics and
Statistics, 94(1): 186-201.
Faber, B. (2013) Trade Integration, Market Size and Industrialization: Evidence from
China’s National Trunk Highway System. LSE working paper.
23

http://cep.lse.ac.uk/pubs/download/dp1244.pdf.
Feenstra, R. and Wei, S. (2009) Introduction to “China’s Growing Role in World
Trade”. National Bureau of Economic Research Working Paper No. 14716.
Fisher-Vanden, K., Hu, Y., Jefferson, G., Rock, M. and Toman, M. (2013) Factors
Influencing Energy Intensity in Four Chinese Industries. World Bank Policy
Research Working Paper 6551.
Fujita, M. and Hu, D. (2001) Regional Disparity in China 1985–1994: The Effects of
Globalization

and

Economic

Liberalization. The

Annals

of

Regional

Science, 35(1): 3-37.
Gao, T. (2004) Regional Industrial Growth: Evidence from Chinese Industries.
Regional Science and Urban Economics, 34(1): 101-124.
Gao, B., Chen J. and Zou, L. (2012) Housing Price's Regional Differences, Labor
Mobility and Industrial Upgrading. Economic Research Journal, (1): 66-79. (in
Chinese)
Ge, Y. (2006) Regional Inequality, Industry Agglomeration and Foreign Trade: The
Case of China. World Institute for Development Economic Research
(UNU-WIDER) No. 2006/105.
Goldstein, G. S. and Gronberg, T. J. (1984) Economies of Scope and Economies of
Agglomeration. Journal of Urban Economics, 16(1): 91-104.
Greenstone, M. (2002) The Impacts of Environmental Regulation on Industrial
Activity. Journal of Political Economy, 110(6): 1175-1219.
Guo, Y., Jia, Y., Pan, X., Liu, L. and Wichmann, H. (2009) The Association between
Fine Particulate Air Pollution and Hospital Emergency Room Visits for
Cardiovascular Diseases in Beijing, China. Science of the Total Environment,
407(17), 4826-4830.
Gyourko, J., Kahn. M. E., and Tracy, J. (1999) Quality of Life and Environmental
Comparisons. In Handbook of Regional and Urban Economics, Volume 3:
Applied Urban Economics, edited by Paul Cheshire and Edwin S. Mills, 1413-54.
Amsterdam; New York and Oxford: Elsevier Science, North-Holland.
Gyourko, J. and Tracy J. (1991) The Structure of Local Public Finance and the
Quality of Life. Journal of Political Economy, 91(4): 774-806.
24

He, C. and Pan, F. (2013) The Trends in Geographical Agglomeration of Chinese
Manufacturing Industries, in China’s Regional Development: Review and
Prospect, edited by Ming Lu, Zhao Chen and Xiwei Zhu.
He, K., Huo, H., and Zhang, Q. (2002) Urban Air Pollution in China: Current Status,
Characteristics, and Progress. Annual Review of Energy and the Environment, 27:
397-431.
Helsley, R. W. and Strange, W. C. (2007) Agglomeration, Opportunism, and the
Organization of Production. Journal of Urban Economics, 62(1): 55-75.
Henderson, J. V. (1996) Effects of Air Quality Regulation. American Economic
Review, 86(4): 789-813.
Jiang, L., Lin, C., and Lin, P. (2013) The Determinants of Pollution Levels:
Firm-Level Evidence from Chinese Manufacturing. Journal of Comparative
Economics, published online.
Kahn, M. E. (1997). Particulate Pollution Trends in the United States. Regional
Science and Urban Economics, 27(1), 87-107.
Kahn, M. E., and Mansur, E. T. (2013) Do Local Energy Prices and Regulation Affect
the Geographic Concentration of Employment? Journal of Public Economics,
101: 105-114.
Kan, H., Chen, R. and Tong, S. (2012) Ambient Air Pollution, Climate Change, and
Population Health in China. Environment international, 42: 10-19.
Krugman, P. (1991) Increasing Returns and Economic Geography. The Journal of
Political Economy, 99(3): 483-499.
Li, B. and Lu, Y. (2009) Geographic Concentration and Vertical Disintegration:
Evidence from China. Journal of Urban Economics, 65(3): 294-304.
Li, D., Lu, Y. and Wu, M. (2012) Industrial Agglomeration and Firm Size: Evidence
from China. Regional Science and Urban Economics, 42(1): 135-143.
Lin, L. (2013) Enforcement of Pollution Levies in China. Journal of Public
Economics, 98: 32-43.
Long, C. and Zhang, X. (2012) Patterns of China's Industrialization: Concentration,
Specialization, and Clustering. China Economic Review, 23(3): 593-612.

25

Lu, J., and Tao, Z. (2009) Trends and Determinants of China's Industrial
Agglomeration. Journal of Urban Economics, 65(2): 167-180.
Lu, M. (2013) Moving People before Moving Money: Strategies for Urbanization and
Regional Development. Journal of Shanghai Jiaotong University, forthcoming.
Lu, Y., Ni, J., Tao, Z., Yu, L. (2013) City-industry growth in China, China Economic
Review, forthcoming.
http://lhyu.weebly.com/uploads/1/2/2/3/12234754/city-industry_growth_in_chin
a_cerrev.pdf
Lu, M. and Xiang K. (2013) The Turning Point: How has China been in Trouble on
the Conflict between Efficiency and Balance? Working Paper. (in Chinese)
Neary, J. P. (2001) Of Hype and Hyperbolas: Introducing the New Economic
Geography. Journal of economic Literature, 39(2): 536-561.
Qi, Y. (2008) Environmental Governance in China (Zhongguo Huanjing Jiangguan
Tizhi Yanjiu), Shanghai: SDX Joint Publishing Company.
Qi, Y. and Zhang, L. (2013) Local Environmental Enforcement Constrained by
Central-Local Relations in China, Journal of Environmental Policy and
Governance, forthcoming.
Qu, Y., Cai, F., and Zhang, X. (2012) Has the ‘Flying Geese’ Phenomenon in
Industrial Transformation Occurred in China, in Rebalancing and Sustaining
Growth in China, edited by Huw McKay and Ligang Song, page 93-110, ANU E
Press, Canberra, Australia.
Ratcliffe, H. E., Swanson, G. M. and Fischer, L. J. (1996) Human Exposure to
Mercury: A Critical Assessment of the Evidence of Adverse Health Effects.
Journal of Toxicology and Environmental Health, 49(3): 221-270.
Rock, M., Toman, M., Cui, Y., Jiang, K., Song, Y. and Wang, Y. (2013) Technological
Learning, Energy Efficiency, and CO2 Emissions in China’s Energy Intensive
Industries. World Bank Policy Research Working Paper No. 6492.
http://www-wds.worldbank.org/external/default/WDSContentServer/WDSP/IB/2
013/06/18/000158349_20130618132914/Rendered/PDF/WPS6492.pdf
Rosen S. (2002) Markets and Diversity. American Economic Review, 92(1): 1-15.
Tsui, K. Y. (1996) Economic Reform and Interprovincial Inequalities in China.
26

Journal of Development Economics, 50(2): 353-368.
Van Rooij, B. and Lo, C. W. (2010) Fragile Convergence: Understanding Variation in
the Enforcement of China’s Industrial Pollution Law. Law and Policy, 32(1):
14-37.
Venners, S. A., Wang, B., Xu, Z., Schlatter, Y., Wang, L., and Xu, X. (2003)
Particulate Matter, Sulfur Dioxide, and Daily Mortality in Chongqing, China.
Environmental Health Perspectives, 111(4): 562.
Wan, G., Lu, M., and Chen, Z. (2007) Globalization and Regional Income Inequality:
Empirical Evidence from within China. Review of Income and Wealth, 53(1):
35-59.
Wang, A. (2013) The search for sustainable legitimacy: environmental law and
bureaucracy in China. Harvard Environmental Law Review, forthcoming.
Available

at

http://ssrn.com/abstract=2128167

or

http://dx.doi.org/10.2139/ssrn.2128167.
Wang, H. and Jin, Y. (2007) Industrial Ownership and Environmental Performance:
Evidence from China. Environmental and Resource Economics, 36(3): 255-273.
Wang, H. and Wheeler, D. (2005) Financial Incentives and Endogenous Enforcement
in China's Pollution Levy System. Journal of Environmental Economics and
Management, 49(1): 174-196.
Wen, M. (2004) Relocation and Agglomeration of Chinese Industry. Journal of
Development Economics, 73(1): 329-347.
World Bank. (2006) Water Quality Management Policy and Institutional
Considerations. Discussion Paper. The World Bank, Washington, D. C.
http://siteresources.worldbank.org/INTEAPREGTOPENVIRONMENT/Resourc
es/China_WPM_final_lo_res.pdf
World Bank. (2007). Cost of pollution in China. Washington, DC: World Bank.
http://siteresources.worldbank.org/INTEAPREGTOPENVIRONMENT/Resourc
es/China_Cost_of_Pollution.pdf
Xu, Y., Williams, R. H. and Socolow, R. H. (2009) China's Rapid Deployment of SO2
Scrubbers. Energy and environmental science, 2(5): 459-465.
Yu, J., Zhou, L. and Zhu, G. (2013) Strategic Interaction in Political Competition:
27

Evidence from Spatial Effects across Chinese Cities. Working Paper.
http://zhuguozhong.info/f_research/TournamentCompetition.pdf
Zheng, S., Cao, J., Kahn, M. E., and Sun, C. (2013a). Real Estate Valuation and
Cross-Boundary Air Pollution Externalities: Evidence from Chinese Cities. The
Journal of Real Estate Finance and Economics, published online.
Zheng, S. and Kahn, M. E. (2008) Land and Residential Property Markets in a
Booming Economy: New Evidence from Beijing. Journal of Urban Economics,
63(2), 743-757.
Zheng, S. and Kahn, M. E. (2013a) Understanding China's Urban Pollution
Dynamics. Journal of Economic Literature, 51(3), 731-772.
Zheng, S. and Kahn, M. E. (2013b) China’s Bullet Trains Facilitate Market
Integration and Mitigate the Cost of Megacity Growth. Proceedings of the
National Academy of Sciences, 110(14): E1248-E1253.
Zheng, S., Kahn, M. E. and Liu, H. (2010) Towards a System of Open Cities in China:
Home Prices, FDI flows and Air Quality in 35 Major Cities. Regional Science
and Urban Economics, 40(1): 1-10.
Zheng, S., Kahn, M. E., Sun, W. and Luo, D. (2013b) Incentives for China’s Urban
Mayors to Mitigate Pollution Externalities: The Role of the Central Government
and Public Environmentalism. Regional Science and Urban Economics,
published online.
Zheng, W., Wang, X., Tian, D., Jiang, S., Andersen, M. E., He, G., Crabbe, J. C.
Zheng, Y., Zhong, Y. and Qu, W. (2013) Water Pollutant Fingerprinting Tracks
recent Industrial Transfer from Coastal to inland China: A Case Study. Nature
Scientific Reports, 3, 1031.

28

