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In this paper we investigate the relationship between the energy intensity of Chinese cities and the location of
foreign firms employing a unique dataset of 206 of the largest prefecture-level cities between 2005 and 2008.
Our results reveal a non linear inverted-U shaped relationship between energy intensity and city-level per capita
income with the majority of cities on the downward slope of the curve. We also find evidence of a significant
and negative relationship between the foreign direct investment (FDI) flows into a city and energy intensity.
However, this effect varies by geographic location reflecting differences in the ability of regions to absorb and
benefit from environmental spillovers. The relatively small economic effect of FDI can in part explained by
the propensity for foreign firms to invest in energy intensive sectors coupled with the trend for China to invest
heavily in capital intensive industries.

© 2013 Elsevier B.V. All rights reserved.
1 The Twelfth-Five Year Plan states that energy consumption per 10,000 GDP should fall
to 0.87 t of standard coal (at 2005 prices) by 2015 which is a decrease of 16% from the
1. Introduction

China has experienced rapid economic growth in the last two de-
cades stimulated by significant capital inflows from abroad. China
is now one of the largest recipients of foreign investment in the
world with inflows of over $95 billion in 2010 (World Development
Indicators, 2010). As China has grown so have its energy needs. From
2000 to 2008 China experienced a 70% increase in total energy con-
sumption at 2.91 billion t of standard coal (Chinese National Bureau
of Statistics, 2010) and currently accounts for 17.7% of global energy
consumption even though it produces just 8% of global output (BP
Statistical Review of World Energy, 2011). The first five months in
2011 saw China's imports of oil reaching 55% of consumption, up from
33% in 2009 (Ministry of Industry and Information Technology, 2011).
A commonly held view is that China's dependence on imported oil
leaves future growth vulnerable to fluctuations in global energy prices
and could also be considered an energy security threat.

As a result, an important element of China's sustainable develop-
ment strategy, as evidenced by the recent Eleventh- (2006–2010) and
ghts reserved.
Twelfth- (2011–2015) Five Year Plans, is the management of energy
demand and supply. Between 1978 and 2001, when economic growth
in China averaged around 9% a year, the demand for energy rose by
just 4% a year and energy intensity fell from nearly 400 t of coal equiv-
alent permillion RMB to a little over 100 t of coal equivalent permillion
RMB. However, after 2001 growth in energy demand began to outstrip
GDP growth with an average growth rate of 14% a year (Rosen and
Houser, 2007).1

Although China's average energy intensity fell between 1980 and
2010 there was a period between 2002 and 2005 when the falling
trendwas reversed before it again began to fall (albeit at a much slower
rate than the period up to 2001). The relatively slow rate of progress on
reducing China's energy intensity since 2001 is a concern to China's gov-
ernment given the importance nowplaced on sustainable development.
The lack of progress on reducing energy intensity is despite rapidly
increasing household incomes, continued foreign investment and a
1.03 t of standard coal consumed in2010 anda decrease of 32% from the1.28 t of standard
coal consumed in 2005. These figures translate into energy savings of 670 million t of
standard coal. In 2004 China introduced the “Outline of China's Medium and Long Term
Energy Saving Plan 2004–2020” with a goal of energy intensity decreases of 20% for the
2006 Eleventh Five Year Plan. If China can hit its 2020 target of a 20% reduction in energy
intensity during the Twelfth-Five Year Plan it would mean a quadrupling of the economy
should be accompanied by a mere doubling of energy consumption (Chen, 2011).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.eneco.2013.08.004&domain=pdf
http://dx.doi.org/10.1016/j.eneco.2013.08.004
mailto:r.j.elliott@bham.ac.uk
http://dx.doi.org/10.1016/j.eneco.2013.08.004
http://www.sciencedirect.com/science/journal/01409883
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much greater awareness of the damaging effects of pollution on health
and the natural environment.2

One explanation for the slowing rate of energy intensity improve-
ment in the last decade is the increase in demand for automobiles and
air conditioners. However, over the same period China experienced a
relative shift in its industrial production patterns towards heavy and
energy intensive industries such as cement, iron, and steel and alumi-
num. In 2007 China accounted for 35% of global steel production, 28%
of aluminum production and 48% of global cement production (Rosen
and Houser, 2007). Even accounting for a dramatic reduction in energy
intensity from 1978 to 2001 China still lags behind the international av-
erage energy intensity levels for these industries. The World Bank esti-
mates that Chinese steel, cement and ethylene firms use 20%, 45% and
70% more energy than the developed country averages respectively
(New York Times, 2007).3 Although certain industries experienced
reductions in energy intensity, as a result of technological advances, in-
novation and the adoption of new technologies, it is the change in in-
dustrial composition that has kept China's aggregate energy intensity
at such relatively high levels. An important negative externality from
China's energy consumption is the environmental damage as a result
of increases in the emissions of local and global pollutants. In 2008
China's emissions of sulfur dioxide (SO2) and carbon dioxide (CO2)
were the highest and second highest in the world at 23 million and
2.7 billion t respectively.4

Two important determinants of the change in China's industrial
structure were the relocation of heavy industry from developed coun-
tries and a proliferation of foreign joint ventures in energy intensive in-
dustries not just only to satisfy local demand in China but also to serve
global export markets where the demand for energy intensive outputs
was also increasing. These developments have reopened the debate on
the role of foreign firms in China. The motivation of this paper is to un-
derstand the relationship between per capita income growth, energy
consumption, energy intensity and the role of foreign firms against a
background of China's changing industrial structure. Specifically, this
paper will allow us to gauge the extent to which foreign direct invest-
ment has contributed to changes in China's energy intensity at the na-
tional and regional levels.

An early approach to understanding the relationship between GDP
growth and energy consumption growth was to use a range of decom-
position techniques. This literature searches for evidence of decoupling
with the expectation that the growth in energy demand plateaus while
economic growth continues on an upward trajectory (see e.g. Ma and
Stern, 2008; Wang et al., 2005; Wu et al., 2005; Zhang, 2000; Chen,
2011). According to Fan et al. (2007) in their study of carbon intensity
2 In this paper we refer primarily to energy intensity. However, energy intensity is
closely related to the concept of energy efficiency and is often used interchangeably in
the literature. However, strictly speaking energy efficiency is a parameter that depends
primarily on the state of technology and methods of production and determines the
amount of energy needed to deliver goods and services at the process level in similar
plants, industries or subsectors (Birol and Keppler, 2000). Energy intensity on the other
hand is defined by the energy consumption per unit of economic output (GDP). Energy in-
tensity is therefore influenced by energy efficiency and can be used as an indicator of the
aggregate level of energy efficiency of an economy, region or city. A reduction of aggregate
energy intensity is not equivalent to, but is usually a response to an improvement in ener-
gy efficiency in a certain industry, and is typically realized through the use of energy-
saving technology. For example, a shift in country's economic structure can also impact
economy level energy intensity.

3 See Fisher-Vanden et al. (2003) and Fisher-Vanden et al. (2006) for an analysis of
changes in China's energy intensity.

4 Environmental degradation in China is now a serious problem with 500 million peo-
ple lacking access to clean drinking water and only 1% of China's city population of
560 million able to breathe air deemed safe by the European Union (New York Times,
2007). It is now reaching the point where environmental degradation is having a detri-
mental impact on future growth. The World Bank (2007) estimated the economic costs
in 2007 to be in the region of 3.5 and 8% of GDP.
in China between 1980 and 2003 evidence of decoupling is a result of
improved energy efficiency in the primary and materials sectors.5

A second, related, literature uses time series country-level data to
look at the impact of economic growth on energy consumption. This
literature is related to the well known environmental Kuznets curve
(EKC) literature (Cole et al., 1997; Dinda, 2004; Forsten et al., 2012)
which describes a non-linear inverted-U shape relationship between
per-capita income and per capita emissions or per capita energy con-
sumption (see e.g. Galli, 1998; Cole, 2006). There are also several studies
on the relationship between economic development and environmental
quality in China. He (2006) considers the relationship between FDI and
the location of firms in Chinese provinces. Cole et al. (2011) investigate
the relationship between economic growth and industrial pollution
emissions in China using data for 112 major cities between 2001 and
2004 and find that most air and water emissions rise with increases
in economic growth at current income levels. He and Wang (2012)
analyze the impact of economic structure, development strategy and
environmental regulation on the shape of the EKC using a panel of 74
Chinese cities for the period 1990–2001 and find that all three have
important implications for the relationship between environmental
quality and economic development but that the impact can vary at dif-
ferent development stages. These studies provide empirical evidence
for the existence of different slopes for the pollution–income curve.

The literature on the effect of foreign firms on energy intensity is
limited. A recent exception is Hübler and Keller (2009) who argue
that foreign capital and the transfer of energy-saving technologies
from developed countries are a possible channel by which the energy
intensity of newly industrializing countries can be reduced (based
on the productivity-enhancing technology transfer and spillovers litera-
ture e.g. Keller, 2004). The hypothesis that multinational enterprises
(MNEs) use less energy per unit of output than their domestic counter-
parts in developing countries is confirmed by a number of firm-level
studies. For example, Eskeland and Harrison (2003) and Cole et al.
(2008) show that foreign ownership is associated with more energy-
efficient production in the former's analysis of manufacturing plants in
Cote d'Ivoire, Mexico and Venezuela and the latter's study of Ghana.
One explanation is that MNEs utilize more advanced technologies that
also tend to be energy-saving whether by design or simply as a positive
externality from using newermaterials and processes. However, Hübler
and Keller's (2009) study of 60 developing countries for the period
1975–2004 fails to confirm that FDI reduced energy intensity in devel-
oping countries. One constraint of their study is the failure to employ
micro-level data in terms of foreign investment and energy use. Energy
intensity is determined by many cultural, political, and constitutional
factors that can differ greatly across countries. Our data is ideally suited
to a study of this type as it has regional GDP data and energy intensity
data not usually available in studies of this type.

Studies of the relationship between foreign capital and energy inten-
sity in China are scarce. Nevertheless, there are some studies that focus
on the effect of foreign capital on environmental quality in China. He
(2006) examines industrial SO2 emissions for 29 Chinese provinces
and shows that a one percent increase in FDI inflow increases industrial
SO2 emission by 0.098%. The emission increase caused by the positive
FDI effect on economic growth and the structural composition of the
economy cancels out any emission reductions due to the energy inten-
sity gains from FDI. In a panel study in 112 cities in China, Cole et al.
(2011) find that the share of output of domestic- and foreign-owned
firms increases several pollutants in a statistically significant manner
while output of firms fromHongKong,Macao and Taiwan (HTM) either
reduces pollution or is statistically insignificant.
5 Decomposition techniques include input–output structural decomposition, non-
parametric distance functions, and index decomposition. See Ang and Zhang (2000) for
a review.



Fig. 1. Aggregate energy intensity in China (1980–2010).
Source: China Statistical Yearbook (2011).
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Finally, it is important to note that understanding energy demand
and energy efficiency in China is extremely complex and is compli-
cated by a mix of central planning, regional competition, market
forces and variable environmental regulation enforcement at the
city and prefecture levels. The availability of finance, land allocation
and competition between cities and provinces is also part of the
explanation with cities often bidding against each other to attract
foreign investment whatever the environment costs of implications
for energy demand. Visibility is also obscured by security consider-
ations and the secrecy that continues to surround many state-
owned enterprises (SOEs). On a related note, the price firms pay for
energy is not always transparent with local energy price subsidies
which is an additional distortion to the market.6

The contribution of this paper is to investigate the relationship
between energy intensity, per capita incomes and the role of foreign
firms in China between 2005 and 2008 employing a dataset of 206
prefectural-level cities. The prefectural-level city is an administrative
division, ranking below a province but above a county and represents
the second level of the administrative structure in China. The benefits
of this level of disaggregation are that China's integrated national statis-
tical system provides data of comparable quality for energy intensity
and a range of economic variables (He and Wang, 2012). Second,
prefectural-level city policymakers are relatively independent and
have the power to, for example, implement policies to attract more for-
eign investment or close down pollution intensive plants. Using data
that is regionally disaggregated overcomes problems of heterogeneity
experienced by country level studies. However, one caveat is that our
prefecture-level energy intensity measure does not just capture urban
energy use given any prefecture-level city is made up of a main central
urban area (a city usually with the same name as the prefectural
level city) and a much larger surrounding rural area that may contain
a large number of smaller cities, towns and villages. Unfortunately,
China's statistical system does not publish energy use in the main cen-
tral urban area (Dhakal, 2009).

Another highlight of our study lies in that we are able to distinguish
between three types of firm ownership: domestic; foreign; and Hong
Kong, Taiwan and Macao (HTM) owned in order to better understand
the relationship between foreign investment and local energy intensity.
Finally, we examine the East, Central and Western regions of China
separately. This helps to relate changes in energy intensity to China's
eleventh and twelfth five year plans.

Our results reveal a non-linear inverted-U shape relationship between
energy intensity and per capita income with the majority of cities on the
downward sloping slide of the curve. We estimate turning points where
possible. Our results also provide evidence of a significant and positive
energy-saving effect through FDI although we find considerable differ-
ences in regions' ability to absorb and benefit from environmental spill-
overs from technology transfers. Our results indicate that the positive
effect on energy saving from FDI is relatively weak in the East of China
but is stronger in the relatively less developed Central and Western re-
gions. Over this period it is likely that any improvements in energy effi-
ciency at the individual industry level were overwhelmed by a shift in
the structure of China's economy towards more energy intensive indus-
tries The simple explanation would be that while the existing energy in-
tensive industries in a prefecture-level citymaywell have improved their
energy intensity, the overall structure of the city's economy had moved
towards the relatively high energy intensive sector (output of these
goods increased) and thatmore than offset industry specific intensity im-
provements from foreign investment and rising per capita incomes.

The rest of the paper is organized as follows: Section 2 provides a
brief background review and Section 3 presents a description of the
data and our empiricalmethodology. In Section 4we present our empir-
ical results and Section 5 concludes.
6 See Rosen and Houser (2007) for an excellent discussion of these complex issues.
2. Theoretical background

In studies that analyze the relationship between trade and the
environment it is common to decompose the effects of economic
activity into a scale, composition and technique effect (Grossman and
Krueger, 1993). Such a distinction is made by Antweiler et al. (2001),
Cole and Elliott (2003) and Copeland and Taylor (2003) looking at envi-
ronmental pollutants and Cole (2006) and Hübler and Keller (2009)
who apply the same criteria to energy consumption.

In the context of this paper, the scale effect represents an increase
in total energy consumption. Since our focus is on energy intensity
which is defined as energy consumption per unit of output, the
scale effect is not central to our analysis. If we assume identical pro-
duction technologies and constant returns to scale an economy can
double in size without any change in the energy intensity of the
economy. However, the composition effect (or structural effect in
the decomposition literature) which captures changes in the indus-
trial structure of the economy is something that we can measure
with our data. Typically, an industrializing country experiences a
transition from agriculture (primary) to industry (secondary) and fi-
nally to services (tertiary). This is suggestive of a rise and then a fall
in energy intensity as a country develops holding technologies in
those sectors constant (Stern, 2004) and matches the predictions of
the EKC literature. The impact of foreign firms on this accepted pat-
tern of energy intensity changes depends on two criteria. First,
which are the sectors that foreign firms invest in and second, the
type and efficiency of the technology employed as part of the foreign
investment. The EKC inverted U relationship will be reinforced if for-
eign firms concentrate in sectors that require low energy inputs (pri-
mary and tertiary). If foreign firms use more advanced and more
energy efficient technologies and displace domestic firms in the
same industry and do not just increase the scale of production (by re-
ducing average intensity) foreign firms may change the shape of the
EKC curve and hence the turning point. One deficiency with Hübler
and Keller (2009) is that the composition effect on energy intensity
caused by FDI cannot be disentangled from technology transfer ef-
fects. Since we cannot get complete information of the industrial dis-
tribution of FDI for every city in our sample we include the gross
industrial output by companies invested by domestic, foreign and
Hong Kong, Taiwan, Macao firms respectively. This distinction en-
ables us to capture the composition effect driven by investment
from a specific group.

Finally, the technique effect captures the impact of new manage-
ment practices and technology on energy use. If FDI is a channel by
which technology is transferred from developed to developing coun-
tries a FDI-induced technique effect should reduce energy intensity
through technological spillovers from foreign to domestic firms. The
traditional definition of technological spillovers includes product and
process innovations, improvements in the distribution channels and
better marketing and management methods (Blomström and Kokko,



Table 1
Income, growth, FDI, population and energy in China's provincial capitals, 2005–2008.

City Average GDP
(US$ millions)

Average GDP per
capita (US$)

Annual average
GDP Growth (%)

Annual average
FDI/GDP (%)

Average population
(Million)

Average aggregate energy
intensity (t/10,000 RMB)

Average industrial energy
intensity (t/10,000 RMB)

Guangzhou 87,601 7110 13.74 3.58 7.67 0.73 1.16
Shanghai 47,208 6260 11.78 5.35 13.75 0.85 1.09
Beijing 24,598 5521 11.72 4.22 12.23 0.72 1.26
Hangzhou 13,336 5305 13.23 5.00 6.69 0.81 1.17
Nanjing 9546 4943 14.50 4.50 6.11 1.28 2.45
Tianjin 27,144 4358 15.23 7.80 9.54 1.04 1.33
Taiyuana 23,566 3871 12.68 2.40 3.51 2.56 5.34
Jinan 114,013 3812 15.02 2.09 6.02 1.20 1.86
Hohhota 29,959 3660 19.58 4.10 2.19 1.65 4.30
Changshaa 11,439 3159 15.20 4.81 6.34 0.96 1.09
Zhengzhoua 18,462 3145 15.01 2.73 6.99 1.28 2.44
Wuhana 12,724 3126 15.05 5.46 8.20 1.23 2.06
Nanchanga 22,087 2797 15.58 6.67 4.86 0.91 0.78
Fuzhou 27,321 2755 12.50 3.08 6.26 0.71 1.00
Yinchuanb 20,417 2584 13.43 0.56 1.47 2.29 1.23
Shijiazhuang 65,095 2536 12.60 1.45 9.47 1.74 3.42
Chengdu 9452 2531 13.68 4.12 9.15 0.96 1.70
Harbin 38,936 2343 13.58 1.34 9.83 1.41 2.19
Haikou 6449.89 2138 12.03 9.66 2.46 0.81 0.24
Kunmingb 13,175 2132 11.93 1.70 4.66 1.44 2.33
Xi'an 1103 1987 14.13 4.35 7.58 0.95 1.08
Nanning 3831 1407 15.38 1.23 6.77 0.88 1.64
Chongqingb 7443 1385 13.40 2.35 32.12 1.35 2.47

Source: China City Statistical Yearbook (2006, 2007, 2008 and 2009). Due to data limitations we exclude Shenyang, Changchun, Urumqi, Hefei, Lanzhou, Lasa, Xining and Guiyang (the
capitals of Liaoning, Jilin, Xinjiang, Anhui, Gansu, Tibet, Qinghai and Guizhou respectively). US$ in 2005 prices.

a City in the Central region.
b City in the Western region.
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1998; Fisher-Vanden and Jefferson, 2008; Yao andWei, 2007). It can be
argued that any technological advances in product development and
manufacturing processes will also improve energy efficiency in certain
sectors and hence through reduced input costs there should be a posi-
tive effect on productivity. FDI spillovers can be both horizontal and ver-
tical. First, domestic firms can benefit from the presence of FDI in the
same industry known as intra-industry or horizontal spillovers which
arise through demonstration effects and the movement of workers be-
tweenfirms (foreign to domestic). Second, theremay be spillovers from
foreign firms operating in other industries known as inter-industry or
vertical spillovers which are often associated with buyer–supplier link-
ages which can be upstream or downstream. For example, an upstream
multinational firm may help a supplier improve their energy efficiency
to raise the supplier's productivity and hence in the long run hope that
this translates into lower unit prices for the multinational.7

To further understand how FDI can influence energy use we revisit
the mechanism by which spillovers can take place. For domestic firms
to benefit there must be a technological gap between the newly
relocated foreign firms and their domestic counterparts. The larger the
technological gap the greater the opportunities for domestic firms to
improve their energy efficiency levels through the imitation of foreign
firms (Findlay, 1978). If the technological gap is too small, MNEs will
transmit few benefits to domestic firms (Kokko, 1994). However, if
the gap is too large it can impair the absorptive capacity of cleaner
and more efficient technologies from foreign firms as the costs and/or
skills required to close the gap are just too large to bridge in the short
term (Kinoishita, 2001; Wang and Blomström, 1992). The unbalanced
nature of development across China means that the capacity of firms
and hence to absorb clean technologies is likely to differ by region and
be linked to a region's level of development.
7 The technique effect can exceed the scale effect at high-income levels. In the EKC lit-
erature Cole (2006) argues that when the level of income reaches a given turning point,
energy intensity falls as income continues to rise. The argument is that as per capita in-
comes increase, the public demands a clean environment which can then result in the
adoption ofmore stringent environmental regulations to encouragefirms to employmore
energy-efficient technologies. The number of environmentally linked demonstrations in
China in recent years is a good example of this income effect.
A second transmission mechanism is through vertical linkages,
which in turn depends on the type of foreign investment. For example,
the technological spillovers will be limited in the case where a foreign
firm invests solely in a processing plant which assembles final goods
from intermediate inputs for export or domestic sales. Such investment
is more likely to occur in the coastal eastern region of China where it is
easier and cheaper to import and export. The coast is where historically
a large proportion of foreign investment has taken place.

3. Data and methodology

In this paper we use data for 206 Chinese cities across 19 provinces
for the period 2005 to 2008. Each province has an independent
Provincial Bureau of Statistics which provides separate data for each
prefectural-level city within its borders including information on GDP,
foreign investment and other economic indicators in the annual
Yearbook of Provincial Bureau of Statistics. Since the beginning of the
eleventh Five Year Plan the Provincial Statistical Bureaus are required
to report the progress that has been made in reducing city-level energy
intensity. By 2009 data was available for 19 provinces including
two municipalities (Tianjin and Beijing) and two autonomous regions
(Guangxi Zhuang Autonomous Region and Ningxia Hui Autonomous
Region). Due to data limitations we were not able to obtain energy
intensity information for Shanghai, Chongqing, Liaoning, Jiangxi, Anhui,
Jilin, Guizhou, Gansu,Qinghai, InnerMongolia, XinjiangUygurAutonomous
Region and Tibet before 2008. Appendix 1 provides a full list of cities
and their province of origin.

To investigate the impact of FDI on energy intensity we estimate
Eq. (1) derived from our theoretical priors and the previous empirical
evidence. We therefore estimate;

EIit ¼ αi þ β1YPCit þ β2YPC
2
it þ β3FDIit þ β4GIPdit þ β5GIPhit þ β6GIP f it þ εit

ð1Þ

where subscripts i and t represent city and year respectively. EI
measures energy intensity which is measured in two ways, first aggre-
gate energy intensity (ENTI) and second, industrial energy intensity
(ENDI). We measure both aggregate energy intensities (calculated as



Table 2
FDI distribution of the top 20 and bottom 20 cities 2005–2008.

FDI inflows (US$ Million) FDI/GDP (%)

Top 20 Bottom 20 Top 20 Bottom 20

City FDI City FDI City FDI/GDP City FDI/GDP

Shanghai 7990 Tongchuanb 5.49 Shenyang 10.94 Guangyuanb 0.23
Suzhou 6629 Baoshanb 5.26 Nantong 10.55 Yibinb 0.22
Tianjin 5039 Heganga 5.01 Zhaoqing 10.54 Anshunb 0.22
Beijing 4806 Zhangyeb 5.00 Haikou 10.39 Zunyib 0.18
Shenyang 4050 Pingliangb 5.00 Suzhou 10.25 Hanzhongb 0.16
Shenzhen 3482 Ziyangb 4.34 Sanya 9.99 Dazhoub 0.13
Qingdao 3440 Anshunb 3.65 Dalian 9.37 Ziyangb 0.10
Dalian 3354 Yulinb 2.97 Huizhou 9.37 Shizuishanb 0.09
Guangzhou 3120 Tianshuib 2.34 Ganzhoua 9.12 Tianshuib 0.09
Wuxi 2674 Guang'anb 2.15 Zhuhai 9.12 Wuweib 0.08
Nantong 2540 Wuweib 1.91 Qingdao 8.39 Dingxib 0.07
Hangzhou 2520 Xinzhoua 1.67 Tianjin 8.32 Baiyinb 0.07
Ningbo 2446 Zhaotongb 1.43 Xiamen 7.67 Zhaotongb 0.06
Wuhana 2141 Shizuishanb 1.35 Huzhou 7.63 Guangana 0.06
Dongguan 2094 Baiyinb 1.34 Jiaxing 7.58 Qitaihea 0.06
Nanjing 1817 Qingyangb 1.06 Lianyungang 7.57 Longnanb 0.06
Yantai 1733 Qitaihea 1.06 Heyuan 7.36 Qingyangb 0.06
Chengdub 1670 Longnanb 0.78 Nanchanga 7.22 Xinzhoua 0.05
Changchuna 1575 Dingxib 0.63 Weihai 6.70 Yulinb 0.05
Changzhou 1464 Bazhongb 0.47 Changzhou 6.68 Bazhongb 0.02

Source: China City Statistical Yearbook, 2006–2009. US$ in 2005 prices.
a City in the Central region.
b City in the Western region.
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units of total energy consumed per unit of GDP) where a unit of energy
consumed is measured in tons of coal equivalent and industrial energy
intensity (calculated as units of energy consumed in industrial sector
per unit of industrial value added). The traditional energy intensity var-
iable (aggregate intensity) reflects the intensity of energy consumption
in general, while the latter (industrial energy intensity) is associated
with industrial production (hence more likely to be directly impacted
by FDI). YPC measures per capita income. We also include a quadratic
term as a direct test of the inverted U-shaped relationship between
income and energy intensity. FDI represents foreign direct investment
scaled by GDP to capture the effect of direct technology transfers attrib-
uted to foreign investment. αi is the random effect term and ε is the
error term. In order to better examine the role of foreign investment
on energy intensity we also differentiate between ownership type clas-
sifying output by domestic industrial output (GIPd), industrial output of
Hong Kong, Taiwan and Macao owned firms (GIPh) and industrial out-
put from foreign firms (GIPf).8 Eq. (1) is estimated using both fixed
and random effects. All variables are expressed in logs.9

Evidence of a beneficial effect of FDI (and possible evidence for
technology spillovers) would be revealed by a negative β3 coefficient
implying that FDI facilitates improved energy efficiency in recipient
cities. The nonlinear income-energy relationship derived from EKC
hypothesis predicts that β1 N 0 and β2 b 0.

A potential methodological concern is whether per capita income
can be considered truly exogenous. The difficulty is that causality
couldmove from energy intensity to incomewhere a decrease in energy
intensity improves profitability and hence per capita income perhaps
8 According to the Chinese Corporation Law, HTM and foreign investors are allowed to
enter industrial production and service provision in mainland China through joint ven-
tures, cooperative enterprises, sole investments, and limited liability enterprises. The
share of foreign registered capital should be no less than 25% for a limited liability enter-
prise. These different ownership structures are included with our definitions of a foreign
and HTM firm.

9 It is argued that the quadratic log function provides a more realistic income–energy
consumption relationship because of the symmetrical nature of the quadratic function. A
symmetric quadratic function implies, first, that the level of energy intensity will fall at
the same rate as it increases and that energy intensitywill become negative, probably over
a short period of time. In contrast, a quadratic log function falls away gradually once it
passes the turning point as the curve asymptotically approaches zero.
through the health benefits experienced by workers which can then
lead to improved firm productivity. We test the null of exogeneity of
current income using the one-period lagged value of income per capita
as an instrumental variable using aHausman test. The null hypothesis of
exogeneity is rejected for 35 of our 36 reported models. In Section 4 we
therefore report the results from models in which income is treated as
endogenous and for the casewhere the null of exogeneity is not rejected
the results are replaced by those from their exogenous counterparts.We
lag our per capita income variables by one year tomitigate endogeneity
concerns. Appendix 2 provides detailed definitions of our variables and
sources while Appendix 3 presents some simple summary statistics.

Beforewepresent our econometric resultswe present some descrip-
tive evidence. Fig. 1 provides an overview of the evolution of energy in-
tensity for China as awhole (measured in tons of coal equivalent). There
is a clear downward trend from 1980 until 2001 when this trend
reversed before falling again albeit at amuch slower rate. Aggregate en-
ergy intensity halved between 1985 and 2000 but made little progress
in the subsequent decade.

Table 1 compares the average levels of population, income, growth,
FDI and both aggregate energy intensity and industrial energy intensity
between 2005 and 2008 ranked by per capita income for 23 provincial
capitals. As expected, Eastern cities have generally higher income per
capita levels than Central and Western cities, especially in the South-
Eastern coastal provinces (Guangzhou in Guangdong and Hangzhou in
Zhejiang). However, over the same period cities from central China
appear to have grown faster (albeit from a low base) than the well de-
veloped coastal areas (suggesting a positive impact of recent central
government policy). Column 2 in Table 1 shows that income per capita
ranges from $1385 (Chongqing) to $7110 (Guangzhou) in 2005 US$
which is useful as a comparator when we calculate turning points.
The high annual growth rates against an annual growth rate for China
during the same period of around 11% is that as capital cities they
have greater access to economic and political capital.10

Table 2 presents the distribution of foreign investment for our 206
cities and reveals large regional disparities. The major recipients of
10 The large population of Chongqing is because of its status as amunicipality like Shang-
hai, Beijing and Tianjin. The total area of Chongqing is 82,403 km2 compared to an area of
6341 km2 for Shanghai.



Table 3
Top 20 and bottom 20 cities for energy intensity, 2005–2008.

Average aggregate energy intensity (t/10,000 RMB) Average industrial energy intensity (t/10,000 RMB)

Top 20 Bottom 20 Top 20 Bottom 20

City Value City Value City Value City Value

Ningde 0.545 Xinyua 2.753 Haikou 0.241 Shuozhoua 5.783
Shanwei 0.567 Loudia 2.780 Zhongshan 0.451 Lijiangb 5.818
Shenzhen 0.568 Tangshan 2.797 Xiamen 0.500 Mudanjianga 5.947
Taizhou 0.595 Jinzhonga 3.068 Shenzhen 0.564 Loudia 6.000
Xiamen 0.625 Qitaihea 3.231 Yan'anb 0.671 Handan 6.088
Zhuhai 0.632 Changzhia 3.263 Putian 0.695 Laiwu 6.182
Shantou 0.658 Weinanb 3.322 Wenzhou 0.710 Zhangjiakou 6.244
Zhanjiang 0.698 Xinzhoua 3.513 Foshan 0.764 Lvlianga 6.295
Zhangzhou 0.703 Yunchenga 3.515 Heyuan 0.797 Jiamusia 6.430
Wenzhou 0.705 Anshunb 3.575 Zhoushan 0.810 Linfena 6.453
Fuzhou 0.711 Panzhihuab 3.581 Guyuan 0.813 Qitaihea 6.589
Zhongshan 0.723 Baiseb 3.677 Taizhou 0.828 Heganga 6.606
Beijing 0.724 Lvlianga 3.723 Dongying 0.839 Yunchenga 6.898
Putian 0.728 Linfena 4.068 Quanzhou 0.864 Xinzhoua 7.103
Guangzhou 0.730 Zhongweib 4.300 Lishui 0.923 Weinanb 7.174
Yancheng 0.773 Laiwu 4.385 Suizhoua 0.938 Shuangyashana 7.316
Lishui 0.778 Wuhaia 5.671 Yangjiang 0.940 Laibinb 7.578
Dongying 0.783 Wuzhongb 5.952 Weihai 0.949 Dazhoub 7.973
Nantong 0.786 Shizuishanb 7.651 Zhuhai 0.952 Heihea 8.150
Yangjiang 0.791 Liupanshuib 8.691 Dongguan 0.975 Jixia 10.391

Source: China City Statistical Yearbook, 2006–2009. US$ in 2005 prices.
a City in the Central region.
b City in the Western region.
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absolute FDI levels and FDI scaled by GDP are almost always located in
the Eastern provinces. The topfive cities alone account for nearly a quar-
ter of total FDI inflows. In contrast, the value of foreign investment
received by the bottom 20 cities accounts for no more than 0.1% of the
total FDI. One observation is that cities with the largest absolute levels
are not necessarily those with the highest FDI scaled by GDP suggesting
that FDI has a strategic dimension and is not just targeted at the most
populous cities. For the large cities such as Shanghai the sheer economic
size accounts for the difference. Export values reveal a similar pattern.
Between 2005 and 2008 the East's average share of exports in total in-
come is more than 70% compared to just less than 30% in the Central
and Western regions. Following the market access commitments after
WTO entry, an increasing fraction of foreign investment is in the form
of wholly owned enterprises. The investment of single ownership com-
panies accounts for an average of 60% of total FDI in the east of China be-
tween 1998 and 2006. The figures for the Central and Western regions
are 39% and 44% respectively.

We now examine energy intensity more closely. Between 2006 and
2009 the national aggregate energy intensity of China fell by approxi-
mately 12%. Between 1990 and 2006 the aggregate energy intensity of
China exceeded the world average by 80% although the extent that
China exceeded the world average fell to 56% by 2007. Table 3 presents
those cities with the lowest and highest energy-intensity levels (mea-
sured in aggregate energy intensity and industrial energy intensity)
based upon 2005–2008 averages. The 20 cities with lowest levels of
Table 4
Industrial distribution of FDI inflows 2005–2010.

FDI inflows by industry (US$Million) Share of FDI by industry (%)

Year Primary
industry

Secondary
industry

Tertiary
industry

Primary industry
(%)

Secondary industry
(%)

2005 718 44,692 14,914 1.19% 74.09%
2006 593 42,061 19,706 0.95% 67.45%
2007 895 41,494 29,995 1.24% 57.33%
2008 1121 50,105 35,703 1.29% 57.64%
2009 1302 45,639 35,114 1.59% 55.62%
2010 1687 47,511 44,073 1.81% 50.94%

Source: China City Statistical Yearbooks (2006, 2007, 2008 and 2009). US$ in 2005 prices.
energy intensity (aggregate and industrial) are almost all in the eastern
coastal provinces.

Table 4 presents a broad sectoral distribution of FDI by city. We also
include data for 2009 and 2010 from theChineseNational Bureau of Sta-
tistics. The share of foreign investment in the tertiary industry (service
sector) which is generally considered to be the least energy-intensive
sector increased dramatically from 24.72% to 47.25% between 2005
and 2010 while the share of the most energy-intensive sector (the sec-
ondary industry) declined from74.09% to 50.94%. However, absolute in-
vestment levels in the secondary sector remained fairly stable and
continued by be the largest sector of investment. Although small in
comparison foreign investment in the primary sector more than dou-
bled between 2005 and 2010 and is probably themost energy intensive
sector of all. The China Industry Economy Statistical Yearbook states
that those industries in the manufacturing sector that attracted the
most foreign capital in 2006 were Telecommunications, Computers
and others; Transport Equipment; Electrical Equipment andMachinery;
Raw Chemical Materials and Chemical Products; and the Textile Indus-
try, whose industrial value added accounted for more than half of the
total value added generated by foreign firms in the manufacturing
sector, while the energy inputs in these five sectors represent only a
quarter of the total energy inputs for the manufacturing sector. This
suggests that in recent years foreign capital has targeted the
manufacturing sector but has since moved into less energy intensive
sectors.
Growth of FDI inflows by industry (%)

Tertiary industry
(%)

Primary industry
(%)

Secondary industry
(%)

Tertiary industry
(%)

24.72% – – –

31.60% −17.42% −5.89% 32.13%
41.44% 50.82% −1.35% 52.21%
41.07% 25.26% 20.75% 19.03%
42.79% 16.21% −8.91% −1.65%
47.25% 29.52% 4.10% 25.51%



Table 5
Spearman correlation matrix.

ENTI ENDD Y YPC FDI FDI/GDP GIPd GIPh GIPf

ENTI 1
ENDD 0.8695a 1
Y −0.4251a −0.4666a 1
YPC −0.3599a −0.4755a 0.7399a 1
FDI −0.5121a −0.5420a 0.8043a 0.7357a 1
FDI/GDP −0.4759a −0.4841a 0.4898a 0.5768a 0.8998a 1
GIPd 0.2202a 0.0483 0.3259a 0.4488a 0.1913a 0.0502 1
GIPh −0.5286a −0.5280a 0.4681a 0.5301a 0.6788a 0.6967a 0.0068 1
GIPf −0.4744a −0.5185a 0.6118a 0.6566a 0.7285a 0.6591a 0.0882a 0.5968a 1

Source: China City Statistical Yearbooks (2006, 2007, 2008 and 2009).
a Denotes statistical significance at 5% level.
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Table 5 reports the Spearman rank correlations between energy in-
tensity, FDI and other economic indicators. There is a high correlation
between cities with high per capita incomes and those that receive
the greatest volume of FDI. Energy intensity (both ENTI and ENDD) is
also correlatedwith per capita income and the share of FDI inGDP. Final-
ly, we find a negative and significant correlation between energy inten-
sity and the output of foreign and firms from Hong Kong, Taiwan and
Macao (GIPf and GIPh respectively). To allow for a visual representation
of our date Appendices 4, 5 and 6 summarize the concentrations of FDI,
income per capita and energy intensity respectively on a map of China.

4. Results

In Table 6 we present the results from the estimation of Eq. (1)
with two alternative dependent variables ENTI and ENDD. In
Table 6
Linear and quadratic log estimation results with random effects for total energy intensity (ENT

Total energy intensity (ENTI)

(1) (2) (3) (4) (5) (6)

YPC −
0.2527⁎⁎⁎

(−6.44)

1.1633⁎⁎

(2.36)
−
0.2693⁎⁎⁎

(−6.36)

1.5326⁎⁎⁎

(2.82)
−
0.6432⁎⁎

(−2.34)

−
(−

YPC2 −
0.0785⁎⁎⁎

(−2.9)

−
0.0970⁎⁎⁎

(−3.28)

−
(−

FDI −
0.0197⁎⁎⁎

(−3.24)

−
0.0267⁎⁎⁎

(−5.03)
GIPd 0.1228⁎⁎⁎

(3.29)
0.0
(2.

GIPf −0.0018
(−0.28)

−
(−

GIPh −0.0028
(−0.49)

−
(−

Constant 2.5530⁎⁎⁎

(7.36)
−3.7885⁎

(−1.68)
2.6564⁎⁎⁎

(6.96)
−5.6621⁎⁎

(−2.27)
5.4289⁎⁎

(2.36)
2.6
(1.

R2 (within) 0.5050 0.4587 0.5131 0.4300 0.3165 0.4
R2 (overall) 0.1192 0.1499 0.1408 0.1933 0.1779 0.1
Hausman for RE
(p-value)

1.47
(0.2254)

1.79
(0.4082)

2.85
(0.2402)

3.44
(0.3288)

8.21
(0.0841)

26
(0.

Hausman for IV
(p-value)

17.67
(0.0000)

5.53
(0.0629)

9.82
(0.0074)

7.04
(0.0708)

15.13
(0.0044)

23
(0.

Turning point
(RMB)

1651.69 2697.28

Observations 756 756 747 747 708 70

Acceptance of the null hypothesis (p-value N 0.1) means that the Hausman test for RE indicate
Rejection of the null hypothesis (p-value b 0.1)means that theHausman test for IV indicates en
qualified.
The turning points reported in this table have been transformed into income values (RMB). The
and 7.90 for regressions (2) and (4) in the ENTI analysis (with a standard deviation of 0.35), and
of 0.14).
⁎ Indicates significance at 10% level.
⁎⁎ Indicates significance at 5% level.
⁎⁎⁎ Indicates significance at 1% level.
Tables 7 and 8 we present the results after allocating each of our
206 cities to one of three distinct regions (East, Central and West)
for ENTI (Table 7) and ENDD (Table 8) respectively. In Table 6, col-
umns (1), (2), (7), and (8) provide linear and quadratic specifica-
tions to test the simple relationship between income per capita and
energy intensity with no further controls. The quadratic specification
(columns 2 and 8) provides a direct examination of the inverted-U
relationship between per capita income and energy intensity. Col-
umns (3), (4), (9) and (10) include an aggregate measure of FDI to
examine the relationship between foreign capital inflows and energy
intensity. In columns (5), (6), (11) and (12) we drop FDI and instead
include the share of gross industrial production (GIP) by ownership
type, domestic (GIPd), foreign (GIPf) and HTM (GIPh) to check
whether a city's share of production differentiated by ownership in-
fluences a city's energy intensity.
I) and industrial energy intensity (ENDD).

Industrial energy intensity (ENDD)

(7) (8) (9) (10) (11) (12)

0.1533
0.29)

−
0.3772⁎⁎⁎

(−5.79)

2.8992⁎⁎

(2.44)
−
0.4552⁎⁎⁎

(−6.14)

2.3817⁎

(1.83)
−
1.1829⁎

(−1.67)

0.6106
(0.44)

0.0185
0.69)

−
0.1877⁎⁎⁎

(−2.84)

−
0.1584⁎⁎

(−2.21)

−0.0676
(−0.89)

−0.0309⁎⁎

(−2.16)
−
0.0339⁎⁎

(−2.5)
958⁎⁎⁎

63)
0.2553⁎⁎

(2.27)
0.1189
(1.60)

0.0019
0.31)

0.0183
(0.95)

−0.0116
(−0.66)

0.0030
0.58)

−
0.0287⁎

(−1.74)

−
0.0537⁎⁎⁎

(−3.56)
947
00)

4.1697⁎⁎⁎

(7.24)
−10.0346⁎

(−1.89)
4.8107⁎⁎⁎

(7.17)
−7.823
(−1.33)

10.1614⁎

(1.72)
0.3428
(0.05)

369 0.3216 0.2587 0.3117 0.2731 0.2684 0.3160
848 0.2161 0.2574 0.2616 0.2860 0.2967 0.3396
.52
0001)

1.33
(0.2496)

2.58
(0.2756)

2.82
(0.2437)

0.37
(0.9465)

16.15
(0.0237)

1.12
(0.9521)

.55
0003)

13.92
(0.0002)

10.02
(0.0067)

9.58
(0.0083)

7.02
(0.0712)

12.58
(0.0135)

25.29
(0.0001)

2259.64 1840.86

8 743 743 730 730 693 693

s that the Random Effect model is more efficient than the Fixed Effects model.
dogeneity of the variable (income per capita) should be considered and the IV employed is

original value is calculated from natural logarithm of the estimation valueswhich are 7.41
7.72 and 7.52 for regressions (8) and (10) in the ENDD analysis (with a standard deviation



Table 7
Linear and quadratic log estimation results with random effects for total energy intensity (ENTI).

East Central West

A(1) A(2) A(3) A(4) B(1) B(2) B(3) B(4) C(1) C(2) C(3) C(4)

YPC −
0.3770⁎⁎⁎

(−8.86)

0.6841⁎

(1.76)
−
0.5340⁎⁎⁎

(−7.98)

−
0.3064
(−0.44)

0.1978⁎⁎⁎

(4.17)
3.9294⁎⁎⁎

(2.79)
−0.1449
(−0.95)

0.4258
(0.33)

0.1582
(1.12)

0.8687
(0.23)

0.0528
(0.39)

−
0.0559
(−0.88)

YPC2 −
0.0554⁎⁎⁎

(−2.75)

−
0.0081
(−0.23)

−0.2189⁎⁎⁎

(−2.73)
−0.0457
(−0.63)

−0.0386
(−0.17)

0.6606
(0.62)

FDI −0.0014
(−0.31)

−0.0043
(−1.01)

−
0.0884⁎⁎⁎

(−5.07)

−0.0523⁎⁎⁎

(−4.55)
−
0.0458⁎⁎⁎

(−3.49)

−
0.0517⁎⁎⁎

(−4.19)
GIPd 0.1938⁎⁎⁎

(4.3)
0.1599⁎⁎

(2.45)
0.1475⁎

(1.78)
0.1933⁎⁎

(2.26)
0.2386⁎⁎⁎

(2.69)
0.0032
(0.04)

GIPf 0.0063
(0.67)

−
0.0017
(−0.20)

−0.0250
(−1.46)

−0.0034
(−0.30)

−0.0360⁎

(−1.91)
−
0.0070
(−0.49)

GIPh 0.0176⁎

(1.68)
0.0095
(0.93)

−
0.0343⁎⁎

(−2.54)

−
0.0184⁎

(−1.89)

−
0.0322⁎⁎

(−1.96)

−
0.0091
(0.75)

Constant 3.5913⁎⁎⁎

(9.06)
−1.4642
(−0.78)

4.1155⁎⁎⁎

(9.86)
2.8943
(0.91)

−
1.4083⁎⁎⁎

(−3.3)

−
17.1639⁎⁎⁎

(−2.78)

1.1572
(1.11)

−0.5936
(−0.11)

−0.9434
(−0.79)

−4.1864
(−0.27)

−0.9011
(−0.85)

−
1.1002
(−0.25)

R2 (within) 0.7423 0.7459 0.7197 0.7295 0.0003 0.000 0.2239 0.3704 0.0015 0.0004 0.0292 0.1804
R2 (overall) 0.1004 0.1138 0.1555 0.1665 0.0596 0.1002 0.1018 0.0425 0.0644 0.0634 0.2637 0.0037
Hausman for RE
(p-value)

4.32
(0.1155)

4.05
(0.2563)

7.73
(0.3568)

8.28
(0.4067)

0.05
(0.9763)

5.98
(0.4258)

2.46
(0.6521)

1.29
(0.9355)

3.99
(0.1357)

2.93
(0.4029)

8.51
(0.2901)

26.08
(0.0001)

Hausman for IV
(p-value)

87.33
(0.0000)

157.28
(0.0000)

10.41
(0.0340)

50.45
(0.0000)

112.91
(0.0000)

16.6
(0.0009)

37.68
(0.0000)

1188.68
(0.0000)

6.6
(0.0369)

16.09
(0.0011)

13.37
(0.0096)

6.81
(0.2355)

Observations 372 372 372 372 347 347 320 320 208 208 180 180

Acceptance of the null hypothesis (p-value N 0.1) means that the Hausman test for RE indicates that the Random Effect model is more efficient than the Fixed Effects model.
Rejection of the null hypothesis (p-value b 0.1)means that theHausman test for IV indicates endogeneity of the variable (income per capita) should be considered and the IV employed is
qualified.
⁎ Indicates significance at 10% level.
⁎⁎ Indicates significance at 5% level.
⁎⁎⁎ Indicates significance at 1% level.
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The Hausman tests suggest that the null hypothesis of the
exogeneity of income is rejected across all specifications. The Hausman
test for the efficiency of the random effects model finds that except for
columns (5) and (6) for ENTI and column (11) for ENDD, the null
hypothesis that fixed effects are preferable is rejected. Hence, we
employ a 2-stage least square (2SLS) random effects estimation for all
other specifications. Columns (5), (6) and (11) use ordinary least
squares (panel OLS) fixed effects estimators.11

The first observation is that the results from columns (2) and (4) and
(8) and (10) suggest that energy intensity increases with income per
capita but at a decreasing rate as indicated by the significant positive
and negative coefficients on YPC and YPC2. This confirms the inverted
U-shape relationship between income per capita and either aggregate
energy intensity or industrial energy intensity. The results from col-
umns (2) and (4), in which the quadratic term is significant, allow us
to calculate the turning point for aggregate energy intensity which is es-
timated to be between RMB 1651 (US$345 estimated using the average
2005–2008 exchange rate between the RMB and the US$) and RMB
2697 (US$564.23) and between RMB 1841 (US$385) and RMB 2260
(US$473) for industrial energy intensity.12 Cities with income levels
below this value can expect the energy intensity of firms to increase
11 We employ Baltagi's EC2SLS random effects estimator. Baltagi and Long (2009) show
that for estimating a single equation in a simultaneous panel datamodel, EC2SLS hasmore
instruments than G2SLS. Based on the results of tests for the appropriateness of IV estima-
torswe report the randomestimatorswith IV. In specification C (4) for the ENTI regression
we reportOLSfixed effect results.We are not able to performa stationarity test on the data
due to the short time period.
12 We calculate turning points for the regressions where the quadratic term is included
and its coefficient is statistically significant. Turning points are not calculated in the
region-specific regressions since the existence of a non-linear relationship between ener-
gy intensity and income per capita is derived from the fact that income levels differ across
Eastern, Central and Western regions in China.
as the process of industrialization continues. Cities with income levels
higher than $473 can expect energy intensity to fall as incomeper capita
rises. If we consider aggregate energy intensity, 181 cities out of sample
of 206 cities had higher income levels for the period 2005–2008. For
industrial energy intensity the number of cities above $473 was 196
out of 206. Our results suggest that the majority of Chinese cities are
located on the downward facing slope of the inverted-U curve. To better
illustrate the relationship of income and energy intensity in China, in
Figs. 2, 3, 4 and 5 we plot the income per capita and energy intensity
of the cities studied along with the inverted-U curve estimated in
regressions (2), (4), (8) and (10) respectively.
Fig. 2. Income per capita against aggregate energy intensity estimated from regression
(2). *Logarithm of turning point estimated to be 7.41 (RMB) which is equivalent to US
$345.

image of Fig.�2


Table 8
Linear and quadratic log estimation results with random effects for industrial energy intensity (ENDD).

East Central West

A(1) A(2) A(3) A(4) B(1) B(2) B(3) B(4) C(1) C(2) C(3) C(4)

YPC −
0.4178⁎⁎⁎

(−2.81)

6.4257⁎

(1.94)
0.0236
(0.09)

0.3819
(0.16)

−0.0288
(−0.22)

3.5690⁎

(1.65)
−0.3560⁎

(−1.68)
1.0862
(0.57)

−
0.3236⁎

(−1.82)

−6.1219
(−1.23)

−0.3604⁎

(−1.73)
−
12.9629⁎⁎

(−2.21)
YPC2 −0.3714⁎⁎

(−2.12)
−0.056
(−0.44)

−0.2106⁎

(−1.7)
−
0.0926
(−0.86)

0.3532
(1.19)

0.7370⁎⁎

(2.13)

FDI −0.0426
(−1.59)

−0.0443
(−1.62)

−
0.0548⁎⁎⁎

(−2.89)

−
0.0484⁎⁎⁎

(−2.87)

−0.0204
(−1.26)

−
0.0295⁎

(−1.84)
GIPd 0.3154⁎⁎⁎

(2.86)
0.2528⁎⁎

(2.25)
−0.0765
(−0.63)

−
0.0552
(−0.45)

−0.0091
(−0.08)

0.1729
(1.06)

GIPf −0.1307⁎⁎

(−2.15)
0.0026
(0.07)

−0.0206
(−0.63)

−
0.0030
(−0.17)

−0.0226
(−1.11)

−0.0315
(−1.33)

GIPh −
0.1419⁎⁎⁎

(−3.64)

−
0.1002⁎⁎⁎

(−3.09)

−
0.0369⁎⁎

(−1.95)

−
0.0258
(−1.70)

−
0.0369⁎⁎

(−2.15)

−0.0032
(−0.14)

Constant 4.3537⁎⁎⁎

(3.13)
−
27.0479⁎

(−1.72)

−0.4454
(−0.20)

0.8908
(0.08)

1.2633⁎⁎

(1.11)
−14.0245
(−1.48)

4.6002⁎⁎⁎

(3.21)
−
1.0496
(−0.13)

3.7355⁎⁎

(2.48)
27.4077
(1.32)

4.1875⁎⁎⁎

(2.75)
57.0678⁎⁎

(2.34)

R2 (within) 0.2149 0.1303 0.0032 0.2413 0.0950 0.1178 0.5671 0.5889 0.3786 0.1489 0.4115 0.1741
R2 (overall) 0.2198 0.2307 0.2873 0.3225 0.0469 0.0701 0.0330 0.0347 0.0511 0.0371 0.0782 0.1252
Hausman for RE
(p-value)

5.54
(0.3535)

1.63
(0.6522)

2.57
(0.6318)

6.37
(0.2717)

0.76
(0.6852)

1.19
(0.9776)

1.65
(0.9767)

0.68
(0.9838)

1.66
(0.4366)

0.25
(0.9684)

4.16
(0.3849)

4.12
(0.5318)

Hausman for IV
(p-value)

13.82
(0.0010)

34.94
(0.0000)

9.70
(0.0458)

10.07
(0.0733)

22.35
(0.0000)

15.01
(0.0018)

26.00
(0.0000)

15.82
(0.0074)

6.02
(0.0493)

8.05
(0.0450)

27.19
(0.0000)

188.91
(0.0000)

Observations 362 362 360 360 336 336 311 311 212 212 183 183

Acceptance of the null hypothesis (p-value N 0.1) means that the Hausman test for RE indicates that the Random Effects model is more efficient than the Fixed Effects model.
Rejection of the null hypothesis (p-value b0.1)means the Hausman test for IV indicates endogeneity of the variable (income per capita) should be considered and the IV employed is qual-
ified.
⁎ Indicates significance at 10% level.
⁎⁎ Indicates significance at 5% level.
⁎⁎⁎ Indicates significance at 1% level.
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When we consider the coefficient on FDI variable we find that it is
significant and negative in the four specifications where FDI is included
in Table 6 (columns 3 and 4 for ENTI and 9 and 10 for ENDD). This sug-
gests that FDI reduces energy intensity in the host city. This contrasts
with Hübler and Keller (2009) who find no significant FDI effect. The
elasticity is between −0.02 and −0.027 for ENTI which means that a
10% increase in FDI will lead to an average 0.23% reduction in energy
intensity. The equivalent value for industrial energy intensity is slightly
Fig. 3. Income per capita against aggregate energy intensity estimated from regression
(4). *Logarithm of turning point estimated to be 7.90 (RMB) which is equivalent to US
$564.23.
higher and estimated to be between −0.31 and −0.34% and not sur-
prisingly, this result suggests that the majority of the positive impact
of FDI on energy savings comes from the industrial sector. Although
we find a negative effect the economic significance is relatively small
but a priori we believe it to be intuitively plausible.

The next step is to introduce industrial output from foreign-sourced,
HTM-sourced and domestic firms to examine the relationship between
energy intensity and these variables.We drop FDI due to the high corre-
lation between foreign-owned output and FDI. Our results show that
domestic capital is positively related to both energy intensity variables.
For ENTI the elasticity of domestic industrial output is estimated to be
0.1228, indicating that a 10% increase in domestic industrial output
induce a 1.2% increase in energy intensity. For ENDD this elasticity is
slightly higher, with an average value of 0.255. In contrast, industrial
output of HTM firms seems to improve industrial energy intensity
(but not at the aggregate level) (with elasticities in columns 11 and 12
of approximately −0.03 and −0.05 respectively). These coefficients
on GIPf are not significant statistically. The differences between the re-
sults for GIPd, GIPh and GIPf suggest that HTM, foreign and domestic
firms are investing in different industries and/or usingdifferent technol-
ogies. This suggests that domestic firms are relatively more concentrat-
ed in energy intensity industries.

One possibility is that HTM firms have continued to invest in light
manufacturing and the more traditional labor intensive sectors such as
textiles. Considering the significant coefficient on FDI, the insignificant
result for industrial output from foreign-invested companies can be
explained by a positive technology effect being canceled out by a nega-
tive composition effect (with some foreignfirms targeting energy inten-
sive sectors). It would appear therefore that where energy intensity is
the variable of interest investment from Hong Kong, Taiwan and

image of Fig.�3


Fig. 4. Income per capita against aggregate energy intensity estimated from regression
(8). *Logarithm of turning point estimated to be 7.72 (RMB) which is equivalent to US
$385.
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Macao makes the most significant contribution to energy intensity re-
ductions and certainly more so than investment from other foreign
firms.

Given the geographical concentration of certain sectors (for example
heavy industry and coal in the Center and West and HTM firms in the
East) in Tables 7 and 8 we run separate regressions for the regions of
the East, Central and West for aggregate and industry energy intensity
respectively. Although less robust, the non-linear relationship between
energy intensity and YPC and YPC2 is confirmed for the East and the
Central regions but not for the West although when we control for
industrial output the significance disappears for the central region. For
cities in the East, the estimated coefficients of YPC in the ENTI regres-
sions (columns A(1) and A(3) in Table 7) are all significant and negative
with values between −0.377 and −0.534 and confirm an income-
induced improvement in energy intensity in eastern cities, since an in-
crease in income reduces aggregate energy intensity. More specifically,
our results suggest that a 10% increase in income per capita in the East
will improve energy intensity on average by more than 4%.

In Table 8, for ENDD the coefficients for YPC are negative and signif-
icant for four out of the six linear regressions across the three regions
supporting the argument that rising per capita incomes reduces
Fig. 5. Income per capita against aggregate energy intensity estimated from regression
(10). *Logarithm of turning point estimated to be 7.52 (RMB) which is equivalent to US
$473.
industrial energy intensity. To investigate further we compare the
level of GDP per capita of cities in each regionwith the turning point es-
timated in Table 6 and find that all eastern region cities in our sample
are distributed on the right hand half of the inverted U-shape relation-
ship between energy intensity (ENTI and ENDD) and income. For
ENDD the majority of cities in the central and western regions have a
higher level of income than the turning point of RMB 2260 (US$473).
This ratio is lower for ENTI. Therefore, a significant positive relationship
remains between income and aggregate energy intensity for some cities
in the West and Central regions of China.

Comparing FDI coefficients across these three groups reveals some
interesting insights. First, Tables 7 and 8 show no significant relation-
ship between FDI and energy intensity (neither ENTI nor ENDD) for
the cities in the East in our sample. This result might be due to the
existing high level of technological adoption in the East (equivalent to
saying that there is a relatively small technological gap between domes-
tic and foreign firms), the export-orientation of local production and the
structure of production in the East. For the other two regions the coeffi-
cients on FDI are negative and significant suggesting this is where for-
eign capital is making a difference to city level energy intensity. For
ENTI the average elasticity on foreign investment is between −0.05
and −0.09 in the Central region and around −0.05 in the West. For
ENDD the corresponding figures are −0.05 and −0.02 respectively.
The larger technological gap between foreign and domestic investment
in these regions might explain the positive FDI effect in the West and
Central regions. Domestic firms in these regions aremore able to absorb
technological transfers andhence benefit fromenvironmental spillovers
from MNEs.13

5. Conclusions

In this paper we explore the relationship between growth in per
capita incomes, FDI and energy intensity employing a unique panel of
206 Chinese prefectural-level cities between 2005 and 2008. This was
a period of rapid economic growth and structural change in China. Our
empirical results confirm an inverted-U relationship between per-
capita income and energy intensity which suggests that the impact of
an increase in income differs with the level of regional development.
The location of a large majority of our cities for the period 2005 to
2008 is on the downward sloping part of the inverted-U curve which
means rising income per capita has the effect of reducing energy inten-
sity. We also find a significant and negative relationship between FDI
and energy intensity which our regional studies show is stronger for
theWest and the Central region. This suggests that the beneficial FDI ef-
fect on energy intensity is not uniform across China. The differences
across regions are of interest for regional policymakerswho are striving
to develop the central provinces in theWest as part of the Twelfth-Five
Year Plan. It is important to link energy policy and policies to attract new
overseas investment.

While foreign investment appears to have a positive energy intensi-
ty reducing effect, the economic significance is relatively small. One rea-
son may be the increasing investment by foreign firms in energy
intensive sectorswhichmay be linked to the competition between cities
and provinces within China to have national champions in key strategic
sectors such as iron and steel and aluminum. The local financing of
regional state-owned enterprises, which allows firms to borrow at ben-
eficial rates, has also encouraged the growth of energy intensive sectors
in spite of China's relative comparative advantage in labor-intensive
products. Finally, the local allocation of land can be used by local gov-
ernment to encourage high profile energy intensive investment that
can pay high taxes and allow further local growth.

In summary,while foreign investment can have a beneficial effect on
energy intensity and alleviate pressure on the energy consumption in
13 For details on the role of absorptive capacity and the role of environmental spillovers
see Albornoz et al. (2009).
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China via technology spillovers the result is not as clear cut as onemight
expect. More promising is our evidence which suggests that increasing
income helps enhance the energy efficiency once a city passes a certain
level of income. There is a lot that China can do to meet its 2020 targets
but the implementation is complicated by the complex mix of central
policies, local incentives, market forces and the enforcements of envi-
ronmental regulations. A closer investigationof these issues is left for fu-
ture research.
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