O 00 N O U & W N B

H W W W W W W W W W W INNNDNNDNNNNDNRRRPRRRRRERRPRR R
O W 00 N O Ul W N P O OOWNO VA WNREROOOWOBNO PSS WNPELO
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Abstract: As cities represents the microcosms of global environmental change, it is very
important for the global sustainable development by decoupling environmental pressure from
economic growth on city level. In this paper, the municipality of Chongging in China is employed
as a case to show whether the decoupling of environmental pressures from economic growth has
occurred in cities undergoing rapid economic growth; what is the level of decoupling; and what
causes the observed degree of decoupling. Results show the following. (1) During the period of
1999-2010, decoupling from economic growth has been absolute for the emissions of SO, soot,
and waste water, while it has been relative for total energy consumption, emissions of CO, and
solid waste. (2) Compared with the period 2000-2005, decoupling level improved for all the six
environmental pressures in the period 2005-2010. (3) Compared with China and other three
municipalities of China, the overall decoupling level of Chongging is above China’s average while
below those of Beijing and Shanghai. (4) During the period 1999-2000, technological change was
the dominate factor for decoupling Chongqing’s environmental pressure from economic growth,
as it contributed 131.4%, 134.6%, 99.9%, 97.7%, 104.5% and 54.9% to the decoupling of total
energy consumption, emissions of CO,, SO,, soot, waste water and solid waste, respectively;
while economic structural change had very tiny effect to the decoupling of emissions of soot and
S0,, and it even had negative effect to that of total energy consumption, and emissions of CO;
and waste water. Based on the above observations, we explain the difference in decoupling levels
for different environmental pressures and suggest approaches for policy-makers on further
promoting decoupling environmental pressure from economic growth.

Keywords: Decoupling; Environmental Pressure; Chongging; Index Decomposition Analysis

1. Introduction
Decoupling environmental pressure from economic growth, i.e., breaking the link between
‘environmental bads’ and ‘economic goods’ (OECD, 2002), is one of the most critical priorities for
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sustainable development. There is an expanding body of literature on this topic and
policy-makers and researchers worldwide continue to pay significant attention to its
advancement (Arrow et al., 1995; Conrad and Cassar, 2014; De Freitas and Kaneko, 2011; Holdren,
2008; Wiedmann et al., 2015). Decoupling has been widely used as a policy objective by national,
regional, and international institutions. For example, in the Organisation for Economic
Co-operation and Development (OECD), decoupling environmental pressures from economic
growth is adopted as the main objectives of the OECD Environmental Strategy for the first decade
of the 21% century (OECD, 2002); in the European Union (EU), reducing the negative
environmental impacts generated by the use of natural resources in a growing economy is the
objective for the EU Thematic Strategy on the Sustainable Use of Natural Resources (EC, 2005); in
the United Nations (UN), decoupling human well-being from resource consumption is at the
heart of both the International Resource Panel’'s mandate and the Green Economy Initiative of
the United Nations Environment Programme (UNEP, 2011). These policy objectives testify to the
critical importance given by policymakers to research on the driving forces of decoupling.

Previous studies on decoupling environmental pressure from economic growth fall into two
main streams. In the first stream, research has focused on applying various indicators (OECD,
2002; Tapio, 2005; Wang et al.,, 2013) to measure the decoupling level of different regions
(Kovanda and Hak, 2007; Liang et al., 2013; Lu et al., 2014; Tachibana et al., 2008; Van Caneghem
et al., 2010; Xue, 2012; Yu et al., 2013; Zhang et al., 2014; Zhu et al., 2013). Most of the studies in
this avenue are at the national level and despite their importance, studies at the city level are an
under researched area. Cities represent the microcosm of global environmental change (Grimm,
2008) and by current estimates account for more than 60% of global energy consumption and
75% of world greenhouse gas emissions (Satterthwaite, 2008). In 2050, the UN estimates that
two-thirds of the global population will be urbanized (UN, 2008) and therefore the central role of
cities in global environmental change will become more prominent.

In the second stream, the main research efforts have concentrated on exploring the driving
forces of decoupling (Andreoni and Galmarini, 2012; De Freitas and Kaneko, 2011; Mazzanti and
Zoboli, 2008; Liang et al., 2013; Lu et al., 2007; Ren and Hu, 2012; Sjdstrém and Ostblom, 2010;
Tang et al., 2014; Van der Voet et al., 2005). In these studies, the focus on decoupling economic
growth from a single environmental pressure indicator is explored, e.g., carbon dioxide, domestic
material consumption. However, by focusing on a single environmental pressure indicator, these
studies may lead to what (Yang et al.,, 2012; Liang et al.,, 2012, 2013a, 2013b) describe as
problem-shifting, i.e., the unintended aggravation of one environmental pressure resulting from
the alleviation of another environmental pressure. In response to this problem, recent studies
have attempted to examine multiple environmental pressures. For example, Liang et al. (2013a)
explored the driving force of decoupling 31 environmental pressure indicators from economic
growth in China by the method of structural decomposition analysis (SDA). However, this study is
at the national level, and doesn’t explain the difference in the decoupling level of different
environmental pressures. On the city level, Van Caneghem et al. (2010) reported the decoupling
level of eight environmental pressure indicators from the Flemish industry, but the driving force
of decoupling is not examined. To our best knowledge, there are currently few studies on the
drivers of decoupling economic growth for multiple environmental pressures at the city level.

Based on the above two research streams, there is a gap in the literature in studying the
drivers of decoupling economic growth for a set of environmental pressure indicators at the city
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level. To contribute in filling this literature gap, we use Chongging (one of China’s major cities) as
a case study to examine the decoupling of economic growth from multiple environmental
pressures. Specifically, we examine the level of the decoupling of economic growth from six
environmental pressure indicators and examine their driving forces by using the index
decomposition analysis (IDA) method. The city of Chongging was evaluated in this study based on
its many advantages relevant to this research. Firstly, as a mega city with the most populous
Chinese municipality, Chongging has experienced rapid and significant changes in both its
economic development and environmental pressures (Yu et al., 2015). Therefore, the city of
Chongqing provides an important case study in examining the decoupling of environmental
pressures from economic growth in Chinese cities. Secondly, Chongqing, as one of the four
national central cities, is directly under the control of the Chinese central government, and
therefore, in comparison to other cities, the economic and environmental data required for this
research is more available and of higher quality.

This paper is structured as follows: Section 2 provides the general information of Chongging.
Section 3 introduces the methodology adopted in this study and reviews the steps taken for
compiling the data. Section 4 reports the decoupling indexes for six environmental pressure
indicators in Chongging, evaluates the decoupling level by comparing them with other municipal
cities of China, and analyses the driving forces of the decoupling phenomenon. Section 5
discusses the results of this study and provides some policy suggestions. A conclusion follows in
Section 6.

2. Study site

Chongging municipality, covering a land area of 82,403 km?, is located between the North
Latitude 28°10-32°13’ and the East Longitude 105°11°-110°11’. Administratively, Chongging is
one of China's four direct-controlled municipalities, the other three are Beijing, Shanghai and
Tianjin, and the only such municipality in inland China. As a major industrial city in China's
southwest region, Chonggqing is situated in the upper reach of the Yangtze River and also the
upstream of the Three Gorges Dam! (as shown in Fig. 1). Because of this geographical location,
the environmental issues of Chongging are not only critical to Chongging per se, but also critical
to both the regions surrounding the Yangtze River and the Three Gorges Dam as it influences
their ecological safety and sustainable development (Yu et al., 2015).

In 1997, the city of Chongging was designated as the fourth national municipality directly
managed by the Chinese central government. Because of the administrative attention, Chongging
has experienced very rapid economic development. For example, Chongging’s GDP increased by
269% during the period of 1999-2010. In 2010, Chongging’s GDP, GDP per capita, residential
population, share of secondary industry respectively reached 793 billion CNY, 27,475 CNY, 28.8
million people, and 55%. However, along with the rapid economic development, environmental
pressures also significantly increased in Chongging, e.g., energy consumption increased by 218%
during the period of 1999-2010. In this context, the decoupling of environmental pressure from
economic growth is a very important issue of concern for the sustainable governance of
Chonggqing. Therefore, Chongqing is a good case study of decoupling environmental pressures
from rapid economic growth at the level of cities in China.

1 The Three Gorges Dam, a hydroelectric dam that spans the Yangtze River of China, in terms of installed
generation capacity, is the world's largest power station. (http://en.wikipedia.org/wiki/Three_Gorges_Dam).
3
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Fig. 1. Location of the Chongging municipality and the Changjiang (Yangtze ) River Basin in China. (This figure is
reproduced from Okadera et al. (2006))

3. Methods and data
3.1 Decoupling indicators

Researchers have developed various decoupling indicators to track the temporal changes in
the relationship between environmental pressures and economic growth (OECD, 2002; Tapio,
2005; Wang et al. 2013). Among these, the most widely used indicator by researchers and policy
makers is the Decoupling Index (DI) proposed by the OECD (2002). This indicator is defined as:

Mt/Y! EPI
Ot =ty g

where the superscript 0 and t are the initial year and the end year for a certain period of time; M

and Y are respectively the environmental pressure indicator and the gross domestic product (GDP)
measured in constant prices; EPI is the ratio of M and Y, i.e., EPI=M/Y, indicating the overall
environmental pressure intensity. By using eq. 1, three types of decoupling can be identified.
® Absolute decoupling occurs when Y>Y%and M'<MC, i.e., the economy grows while
environmental pressure does not increase. In absolute decoupling, the value of DI is
between 0 and 1.

® Relative decoupling occurs when Y>Y° M>MP and YYY°>MYMC, i.e., both the
economy and environmental pressure grow, however the economy has a faster growth
rate. In relative decoupling, the value of Dl is also between 0 and 1. And the less Dl is,
the lower relative decoupling is.

® Coupling occurs when Y>Y? M>My, and Y¢/Yo<M¢Moy, i.e., both the economy and

environmental pressure grows, however the economy has a slower growth rate. In
coupling, the value of DI is negative.

Among the three types of decoupling states described above, absolute decoupling is the
most sought after state while coupling is the least sought after state and to be avoided in
advancing economic development and environmental management.

3.2 Index decomposition analysis

Decomposition analysis is the most commonly used group of methods to quantify the
driving force of environmental pressure indicators. Two popular techniques in this group which
have been extensively used in energy and emissions are the structure decomposition analysis
(SDA) (Su and Ang, 2012) and index decomposition analysis (IDA) (Liu and Ang, 2007). The former
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relies on input—output tables while the later uses aggregate data at the sector-level. As
input-output tables are not compiled annually, the change of environmental pressure indicators
can only be explained through the SDA approach with some time intervals. The IDA approach can
overcome this problem by using only sector level data, which is available on an annual basis.
Therefore, to develop a more detailed and temporally relevant understanding of the driving
forces of environmental pressure indicator we use the IDA approach in this study.

By using the IDA approach, the overall environmental pressure intensity of a regional EPI
(EP1=M/Y) can be disaggregated into economic sectors as:

M &MY
EPI =y i:177:%:1& (2)
where Mj and Y; are respectively the environmental pressure and value added in sector i. And n is
the total number of economic sectors. Therefore, Ti (Ti=Mi/Yi) and S; (Si=Yi/Y) are the
environmental pressure intensity and value added share in sector i, which respectively indicate
technology and economic structure.
Using the method of logarithmic mean divisia index (LMDI) (Liu and Ang, 2007) the change of

EPI can be decomposed as:

AEPI = EPI' —EPI® = A,EPI + A EPI

n
ALEPI=Y w(InT = InT;?)
i=1

n (3)
ASEPI=) w (InS{ -InS!)

i=1

w, = (T'S =T,’S7)/ (InT'S{-InT’S?)
where AEPI, ATEPI, AsEPI are the change of EPI, the change of EPI caused by T and S,
respectively. And w; is the weight co-efficient.

According to eqs. 1-3, the decoupling index can be rewritten as:
t

Dl ~1- s~ Es >~ g7 "0 +Dle @
where DIt (DIt=-AtEPI/EPI®) and Dls (DIs=-AsEPI/EPI°) denotes DI induced by T and S,
respectively. Details for the proof of this equation is provided in supplementary material.

Therefore, the contribution of T and S to the decoupling index, i.e., Ct (technology effect) and Cs

(economic structure effect), can be calculated by:

c. =Pl L 100%
DI

C, :%xloo% e
Dl
From the above, one can explain the decoupling of environmental pressure from economic
growth by its driving force, i.e., effects of technology and economic structure.
3.3 Data preparation
The environmental pressure indicators selected for this study were based on three criteria.
Firstly, indicators were selected to cover a broad range of environmental issues such as climate
change, air pollution, water quality, and waste management. Secondly, the indicators were
selected in consideration to the OECD (2002) recommendations on indicators, i.e. based on policy
relevance, user utility, analytical soundness, and measurability. Thirdly, indicators were selected
based on the availability of data. From the above three criteria, six environmental pressure
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indicators were selected. These include: energy consumption (end-use), emissions of CO,, SO,
soot, waste water and solid waste. These indicators reflect environmental pressure from both the
input and output of the socio-economic systems. Furthermore, these indicators are of significant
concern to policy and decision makers and there are explicit policy targets for the reduction of
energy consumption intensity, CO, emission intensity, and SO, emissions in the 12" National
Five-Year Plan of China.

For the system boundary of these indicators, in line with traditional IDA studies, we
considered all industrial sectors but not the household sector (De Freitas and Kaneko, 2011;
Lofgren and Muller, 2010; Pothen and Schymura, 2015). According to the Chinese Energy
Statistical Yearbook and our calculations, 90% of both energy consumption and CO; emissions are
from Chonggqing’s industrial sectors. Therefore, environmental pressures are mainly produced by
the industrial sectors and the results of our study will not be significantly influenced as a result of
the exclusion of the household sector from the system boundary. However, policy-makers should
still be cautious that the result of our research meets a 10% error by not taking into account the
household sector.

According to the statistical bureau of Chongging, the economic system of Chongging is
divided into 41 economic sectors (see table S1 in supplementary material). To use the IDA
method for analysing the driving forces of decoupling environmental pressures from economic
growth in Chongging, we need to acquire data in the 41 economic sectors, including the value
added of economic output and the six environmental pressures.

The data for the value added were collected from the Chongging Statistical Yearbooks. In
order to remove the effect of inflation, we converted all current prices into 2010 constant prices
using the double deflation method (Xu, 2004). Deflators were compiled according to the price
indexes from the China Statistical Yearbooks and the Chongging Statistical Yearbooks.

The detailed data sources for the six environmental pressure indicators are shown in table
S2 of supplementary material. Energy consumption (end-use) is an aggregated indicator
measured in units of tons of standard coal equivalent (tce), while other environmental pressure
indicators are all measured in tons. The data for energy consumption are obtained from China
Energy Statistical Yearbooks and Chongging Statistical Yearbooks. The data for CO; emissions
were accounted by reference to the IPCC (2006) guidelines. Due to the lack of data, we consider
CO; emissions from fossil-fuel combustion, cement production, and nonferrous metal production
in this study. As for SO,, soot, waste water, and solid waste, the inventory data in the industrial
sectors were collected from the Chongging Statistical Yearbooks, while data in the agricultural
sector, construction sector, and the service sector were estimated by Liang’s method (Liang et al.,
2014).

Similar to Chongqging, data for calculating decoupling indexes in other regions (including
China, Beijing, Shanghai, Tianjin) were acquired and compiled from China’s Energy Statistical
Yearbook, China Environment Yearbook, China Statistical Yearbook, Beijing Statistical Yearbook,
Shanghai Statistical Yearbook, and Tianjin Statistical Yearbook.

4. Results

In this section, we first show the trends of environmental pressures (as well as their
uncertainties) and GDP in Chonggqing from 1999 to 2010. Secondly, we show the results of the
evaluation of the decoupling levels in Chongqing. Thirdly, we compare the decoupling indicators
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of Chongging with those of other regions, including other Chinese municipalities, the national
average and the average of OECD countries. Thirdly, we explore the driving forces for the
decoupling of environmental pressures in Chongging.
4.1 Trends of economic growth and environmental pressures in Chongging during 1999-2010
Using the method introduced in section 3, we calculated the environmental pressures
indicators in Chongging during 1999-2010. As illustrated in Fig. 2a, during the period of
1999-2010, Chongging’s GDP increased by 269% and reached 793 billion CNY in 2010. The
increase in GDP also resulted in environmental pressures. As illustrated in Fig. 2b, energy
consumption, CO; emissions, and solid waste discharge respectively increased by 218%, 191%,
and 35%, while emissions of SO,, soot, and waste water respectively decreased by 22%, 35%, and
4%. These results reveal that not all environmental pressure indicators increased or increased in
the same rate in tandem with the GDP growth of Chongging.
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Fig. 2. Trends of GDP (a) and environmental pressure indicators (b) in Chongging during the period 1999-2010 (All
indicators are given relative to those of the year 1999, i.e., 1999 has the value 100, and indicators in other years
are relative to those of 1999)

For a more refined analysis of the trends of different environmental pressure indicators, the
following observations can be made: (1) Solid waste discharge increased consecutively over the
period 1999-2010. (2) Energy consumption and CO; emissions fluctuated during the period
1999-2002, while after 2002 both increased rapidly. (3) Emissions of SO,, soot, and waste water
decreased during 1999 to 2002; after 2002, they respectively increased to their peak in the year
2006, 2005 and 2006, and gradually decreased afterwards.

Table 1. Uncertainties related to environmental pressure indicators (in %), Chongging, 2000-2010
2000 2005 2010
Min. Max. Min. Max. Min. Max.

CO, -17 11 -18 11 -17 8

energy consumption 0 8 0 8 0 7
SO, -4 3 -3 2 -3 2

soot -4 6 -4 6 -6 8

waste water -3 5 -4 6 -6 7
solid waste -11 9 -12 10 -12 10

Following the method introduced by Kovanda et al. (2008), we also made an uncertainty
analysis for the environmental indicators of Chongging. In this study, the uncertainties of
environmental pressure indicators mainly come from the estimation of environmental pressure
data in agriculture, construction and service sectors. We estimated these data with different

7
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coefficients (e.g., CO, emission coefficients for fossil energy) and calculated the uncertainties for
the overall environmental pressure indicator. The uncertainties attributed to environmental
pressure indicators of Chongging during the period 2000-2010 are summarized in table 1. Results
show that the largest uncertainties are related to CO, emissions, which are up to -18% and +11%
in some cases. And uncertainties are comparatively low (not exceeding -10% and +10%) for
energy consumption and emissions of CO,, soot and waste water.

4.2 Decoupling indicators of Chongqing during 1999-2010

The results of the analyses of the trends of GDP and environmental pressures in Chongging
from 1999 to 2010, reveal that GDP growth rate is higher than the growth rate of six
environmental pressures. This indicates that decoupling has occurred between environmental
pressures and economic growth. To put into perspective the decoupling levels with the economic
development of Chongging, we examine the level of decoupling over two periods, i.e, during the
10t Five-Year Plan (2000-2005) and the 11t Five-Year Plan (2005-2010) for National Economic
and Social Development of China.

Table 2 illustrates the decoupling index of environmental pressures in Chongging during the
period of 1999-2010. From these results, it is observed that: (1) Absolute decoupling occurred for
emissions of SO, soot, and waste water. Among these environmental pressures, the decoupling
level for soot, DI of 0.820, is the highest, while the decoupling level of waste water is the lowest.
(2) Relative decoupling occurred for energy consumption, CO; emission, and solid waste
discharge. Among environmental pressures showing relative decoupling, the decoupling level of
solid waste, with a DI of 0.628, is the highest; while the decoupling level for energy consumption,
with a DI value of 0.123, is the lowest. (3) Among the six environmental pressures through the
1999-2010 period, soot emissions accounted for the highest decoupling level while energy
consumption accounted for the lowest decoupling level.

Table 2. Decoupling index of Chongging during different period over 1999-2010

1999-2010 2000-2005 2005-2010

10th Five-Year Plan 11t Five-Year plan

energy consumption 0.123%** -0.117%** 0.195**
CO, 0.198%** 0.070%* 0.152%*

SO, 0.785* 0.398** 0.566*

Soot 0.820* 0.403* 0.628*

waste water 0.734* 0.322** 0.561*
solid waste 0.628** 0.345** 0.393**

* indicates absolute decoupling; ** indicate relative decoupling; *** indicates coupling.

The decoupling levels relative to the 10™ and 11% Five-year plans, as seen in Table 2,
indicates that all six environmental pressures have higher decoupling levels in the second period.
Moreover, three environmental pressures reveal significant improvements in their level of
decoupling. Specifically, energy consumption improved from a position of coupling (DI=-0.111) to
relative decoupling (DI=0.195), while SO, and waste water discharge improved from a position of
relative decoupling to absolute decoupling. Emissions of soot continued at a position of absolute
decoupling in both periods, however its decoupling level slightly improved in the second period.
Solid waste discharge was at a position of relative decoupling in both periods, however, its
decoupling level also slightly improved in the second period. Similarly, the decoupling level of CO;
emissions significantly improved from a weak position of relative decoupling, DI value of 0.07, in

8
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the first period to a stronger position of relative decoupling, DI value of 0.152, in the second
period.

In terms of the uncertainties, as shown in table 3, the difference between the CO, emissions
can be up to -18% by using different coefficients. However, the difference between the
decoupling index for CO; emissions is relatively small (not exceeding 10%). As a result, the results
of Chongqing’s decoupling level for environmental pressures are reliable during the period
1999-2010.

Table 3. Comparison of CO, emissions and DI using different coefficient during different period over 1999-2010

1999-2010 2000-2005 2005-2010

10th Five-Year Plan 11 Five-Year plan

CO, emissions (IPCC’s coefficient) (Mt) 1002 375 661
CO; emissions (Liu et al. (2015) coefficient) (Mt) 829 311 545
Difference for CO, emissions -17% -17% -18%

DI of CO; emissions (IPCC coefficient) 0.198** 0.070** 0.152**

DI of CO; emissions (Liu et al. (2015) coefficient) 0.202** 0.076** 0.143**
Difference for DI of CO, emissions 2% 8% -6%

** indicate relative decoupling
4.3 Comparison of decoupling indicators of Chongging with those of other regions

To compare Chongging’s decoupling level during the period 2000-2010 relative to other
regions of China and OECD countries, we calculate the DI for the environmental pressure
indicators for Tianjin, Shanghai and Beijing, the Chinese national average and OECD countries.

O absolute decoupling  ® relative decoupling

total energy consumption Cco2 S0O2
OECD OECD OECD E
China China China
Chongging Chongaqing Chongging ——————1
Tianjin Tianjin Tianjin |
Shanghai Shanghai Shanghai ————
Beijing Beijing Beijing ———
0.00 0.20 0.40 0.60 0.00 0.50 1.00 0.00 0.50 1.00
soot waste water solid waste
OECD OECD OECD
China China China
Chongging [——1 Chongging 7 Chonggqing
Tianjin —————— Tianjin | Tianjin
Shanghai ————— Shanghai —————— Shanghai
Beiing ——————— Beiing —————— Beijing ————1

0.70 0.80 0.90 0.00 0.50 1.00 0.00 0.50 1.00 1.50
Fig. 3. Decoupling indexes for six environmental pressures in Chongging, Tianjin, Shanghai, Beijing, the national
Chinese average and OECD countries’ average during 2000-2010. (Note that there is no data on soot and waste
water for OECD countries, and no data on solid waste discharge in Tianjin, Shanghai and OECD countries; all data
for OECD countries are acquired from http://stats.oecd.org/)

As illustrated in Fig. 3, compared with OECD countries’ average, Chongqing had lower
decoupling level for total energy consumption and CO, emissions, while higher decoupling level
for SO; emissions. More details about the comparison of DI in Chongging and OECD countries are
shown in Fig. S1 in Supplementary Material.
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Compared to the national average, Chongging had higher decoupling levels during
2000-2010 for the six types of environmental pressures except energy consumption. However, in
comparison to the other national central cities of China, the level of decoupling in Chongging was
lower than that of Beijing and Shanghai. The decoupling levels for energy consumption and solid
waste discharge in Chongging are both the lowest among the five regions, and there is a
significant difference in the decoupling level of energy consumption between Chongging and the
other regions. Specifically, Chongging’s energy consumption decoupling level, i.e. DI value of 0.11,
is only 60%, 33%, 26% and 22% respectively of the Chinese average national level and the cities of
Shanghai, Tianjin, and Beijing. The level of decoupling of CO, emission in Chongging while higher
than the Chinese national average, is lower than the other three cities. While SO, and waste
water emissions are at a position of absolute decoupling in Chongging, their levels are less than
that of the cities of Beijing and Shanghai. Finally, although the soot emissions in Chongging are at
a position of absolute decoupling and the lowest among the central national cities, their level is
higher than the national Chinese average.

4.4 Driving force for the decoupling of environmental pressure in Chongqing during 1999-2010

The driving force, i.e., technology effect (C;) and economic structural effect (Cs), of the
decoupling of environmental pressure from economic growth in Chongging during the period of
1999-2010 can be explained using egs. 3-5.

As shown in Table 4, during the period 1999-2010, technological change is the dominate
force contributing to the decoupling of all environmental pressures except solid waste discharge.
Economic structural change however has had a very small positive effect and even negative effect
to decoupling. Specifically, economic structural change had a negative effect on the decoupling of
energy consumption, emissions of CO,, and waste water respectively by -30.9%, -34.5% and
-4.5%. As for the decoupling of emissions of SO, and soot, economic structural change had a
small effect contributing respectively to 0.1% and 2.3% to their decoupling from economic
growth. For solid waste, economic structure change contributed 45.1% to its decoupling, which is
almost equal to the effect of technology change.

Table 4. Contributions of driving force to decoupling in Chongging during different period over 1999-2010

1999-2010 2000-2005 2005-2010

Cs Cr Cs Cr Cs Cr
energy consumption -30.9% 130.9% 42.2% 57.8% 9.4% 90.6%
CO, -345% 134.6% -99.2% 199.2% 13.9% 86.1%
SO, 0.1% 99.9% 0.04%  99.06% 9.3%  90.7%
soot 2.3% 97.7% -0.8%  100.8% 11.7% 88.3%
waste water -4.5%  104.5% 4.0% 96.0% -4.0% 104.0%
solid waste 45.1%  54.9% 35.6% 64.4% 46.4% 53.6%

An examination of the causes of decoupling separately for the 10" (2000-2005) and 11t
(2005-2010) five-year economic plans, as shown in Table 4, reveals interesting insights. First, our
analysis reveals that similar to the total period of 1999-2010, technological change is the
dominant force contributing to the decoupling of almost all environmental pressures in both the
10t and 11% five-year economic plans. The only exception is for the decoupling of energy
consumption during the period of 2000-2005. In that period, both technological change and
economic structural change negatively affected energy consumption, respectively by 42.2% and
57.5%, and resulted in the coupling of this environmental pressure with economic growth (see
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Table 2). Second, our analysis of the two periods revealed that although economic structural
change had small positive effects in both periods, the value of Cs for all the environmental
pressures, with the exception of waste water discharge, in the later period are more than the
former. Therefore, the contribution of economic structural change as a driving force to
decoupling reveals overall improvement. Specifically, the effect of economic structural change to
the decoupling of energy consumption and emissions of CO; and soot, changed from a negative
value in the period of 2000-2005 to a positive value in the period of 2005-2010. Furthermore, the
positive effect of economic structure change to the decoupling of emissions of SO, and solid
waste, improved respectively from 0.04% and 35.6% in the period 2000-2005 to respectively 9.3%
and 46.4% in the period of 2005-2010.

5. Discussions

Our results indicate significant differences in the decoupling level of the environmental
pressure indicators in Chongging. Importantly, the order of the level of decoupling among the six
environmental pressures is not particular to Chongging and similar results are reported for
Tianjin, Shanghai, Beijing and China (as shown in Fig. 3). Furthermore, the OECD countries echoes
similar results that decoupling indexes for CO; are much lower than that of SO,. These
differences are mainly as a result from their driving forces, i.e., technological change and
economic structural change, which are further affected by policy regulations, cost of pipe-end
treatment technologies, and the co-dependence of environmental pressures. In this section, we
provide a comprehensive examination on these differences.

5.1 Difference of decoupling level for different environmental pressures

As technological change played the dominate role for decoupling environmental pressures
from economic growth in Chongging during the period 1999-2010 (as shown in table 4), the
difference of decoupling level for different environmental pressures can be explained by the
difference of their technological changes.

Energy consumption had the lowest decoupling level among all environmental pressure
indicators in Chongging. This can be related to the position of the environmental pressures as
either precursors or derivatives of the economic system of the urban region. As proposed by Yu et
al. (2013), energy consumption is considered as a precursor input to the economic system and
therefore the decoupling of energy consumption is only determined by the technology of the
production process?. This is while pollutant emissions (e.g., emissions of CO,, SO, soot, waste
water and solid waste) are derivative output of the economic system and therefore the
decoupling of pollutant emissions are determined by both the technology of the production
process and pipe-end treatment3. Therefore, the decoupling level of pollutant emissions in
comparison to energy consumption can be additionally improved through investments in
pipe-end treatment technologies. According to the Chongging Statistical Yearbooks, the
investment in the industrial pollution treatment in Chongging increased from 107 to 775 billion
CNY during the period 1999-2010, which as a result greatly improved the technological level of

2 |n eq. 2, Mi/Yiis energy consumption per unit of value added in economic sectors, and it is determined by the
technology of the production process.
3 In eq. 2, Mi/Y; can be further decomposed as Mi/Yi=(Gi/Yi)*(Mi/Gi), where G; is the pollutant generation in
economic sector i; Gi/Yi and Mi/G; are the pollutant generation per unit of value added and pollutant emission
per unit of generation in economic sector i, which are determined by the technology of production process and
pipe-end treatment, respectively.
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pipe-end treatment for pollutant emissions. Therefore, energy consumption is with the lowest
decoupling level among the six environmental pressures in Chongging. As CO; is primarily
produced by fossil energy, CO, generation rapidly increased with the increase of energy
consumption during the 1999-2010 period. Furthermore, since no practical pipe-end treatment
technology exists for CO,; emissions (Zhou et al., 2010), almost all generated CO; are emitted.
Therefore, the decoupling level of CO, emissions is the second lowest among the six
environmental pressures in Chongging. Importantly, the phenomenon that energy consumption
and CO; emissions had the lowest decoupling level is not particular in Chongging, and the same
results are reported for Tianjin, Shanghai, Beijing, China and OECD countries (as shown in Fig. 3).

As for emissions of SO,, soot, waste water and solid waste, the difference in their decoupling
levels are resulting from the difference for the cost of their pipe-end treatment technologies, e.g.,
the fixed and operational cost for implementing pipe-end treatment facilities. With lower cost, it
is much easier to implement the pipe-end treatment technology (e.g., desulfurization) and to
promote the reduction of pollutant emissions, which will result in a higher decoupling level. In
this vein, Zhang et al. (2008) calculated the reduction cost of soot and SO, emissions in Chinese
power plants and found that it is cheaper to promote the reduction of soot than SO,. Therefore,
given the differences in reduction costs, we see that the decoupling level for soot is higher than
that of SO,. This phenomenon is not particular in Chongging, and the same results are reported
for Tianjin, Shanghai, Beijing and China (as shown in Fig. 3). As waste water and solid waste are
from diversified sources, e.g., chemical plants, metallurgical plants, etc., there are many different
pipe-end treatment technologies for them. Therefore, it is very hard to calculate the cost of their
pipe-end treatment technologies. Hence, the difference in their decoupling level in Chongging
cannot be explained using our method. However, our results show that decoupling level for waste
water emissions is lower than that of soot in Chongging, Shanghai, Tianjin and China (as shown in
Fig. 3), which indicate that the cost of pipe-end treatment technologies are higher for waste
water than that for soot in these regions.
5.2 Difference of decoupling level during different period

A substantial improvement, as seen as in Table 2, can be noted in the decoupling levels of
environmental pressures in Chongging between the 10t (2000-2005) and 11%* (2005-2010)
economic development plans. This improvement reflects the change in policy regulations on
energy and environmental issues between the two periods and more specifically mandated
targets for energy consumption and pollutant emissions (GPRC, 2006). Notably, the 11t Five Year
Plan for National Economic and Social Development of China mandated the reduction of energy
consumption intensity by 20% and major pollutant emissions, including SO, emissions, to be
reduced by 10%. To achieve these targets, the local Chongging government had adopted a set of
measures, such as implementing the regulations of industrial structure adjustment and cleaner
production set by the central government of China. As a result, significant investments were
made on upgrading traditional manufacturing processes and eliminating out-dated technologies
(Yu et al., 2015). These investments significantly contributed to improvements in the driving force
of decoupling especially for technological change, whereby the energy intensity of major
energy-extensive industrial sectors had been significantly reduced. According to data from the
Chonggqing Statistical Yearbooks, energy intensity in the petroleum processing, chemical products,
non-metal mineral products, ferrous metal smelting and processing, non-ferrous metal smelting
and processing, and power production sectors were respectively reduced by 63%, 41%, 30%, 37%,
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51% and 40%.
5.3 Promoting further decoupling for all environmental pressures

Technological and economic structural change are two driving forces of decoupling
environmental pressures from economic growth. As shown in Table 4, technological change
played the dominate role for promoting decoupling for almost all environmental pressures during
the period 1999-2000. During this period, technological advancement was achieved mainly as a
results of investments in line with cleaner production practices as mandated by the Chinese
government. Technological advancement should remain as cornerstone of future policy on
increasing the decoupling of environmental pressures from economic growth. However,
decoupling levels can be further increased through technological advancement by integrating
targeted mandates with policies aimed at giving incentives to firms, e.g. financial subsidies and
tax rebates.

In comparison to technological change, economic structure change played a relatively small
role for decoupling during the 2000-2010 period. In general, the promotion of decoupling
through the shifting economic structure is not straightforward and may lead to both positive and
negative contributions to environmental pressures. As shown in Table 4, economic structure
change negatively affected the decoupling of energy consumption and emissions of CO; and soot,
while positively affecting the decoupling of emissions of SO,, waste water, and solid waste during
the period 2000-2005. After implementing activities of industrial structure adjustment, economic
structure finally moved into the direction of decoupling almost all the six environmental
pressures. However, its contribution for decoupling of waste water discharge turned from a
positive value to a negative value during this period. This implies that promoting the decoupling
of a particular environmental pressure through economic structure change may have benefits or
trade-offs with other environmental pressures (Liang et al, 2013a). Therefore, policy-makers
should take caution in shifting or changing economic structure and consider the complex effects
of decoupling environmental pressures through such policies. Specifically, we suggest
policy-makers to conduct integrated policy modelling (Liang et al., 2013a) to elaborate the best
set of schemes for the decoupling of a wide range environmental pressure indicators. In this
avenue, we suggest the use and advancement of integrated policy modelling tools, e.g. the
MARKAL model (Fishbone and Abilock, 1981) and the GAINS model (Tohka, 2005). For example,
Gielen and Changhong (2001) used the MARKAL model to elaborate the optimal set of policies for
reducing SO;, NOx, and CO; in Shanghai.

5.4 Recommendations for other regions and future studies

As the typical representation of a Chinese megacity, Chongging has experienced rapid
economic development during its industrialization and urbanization processes during the period
1999-2010. The analysis of the decoupling of environmental pressures from economic growth in
Chonggqing can provide important lessons for other regions, especially for those undergoing rapid
economic development and socioeconomic transition. For example, many regions are shifting
their economic structures to pursue green economy agendas. However, they should be aware
that these changes to economic structures will have both negative and positive effects for the
decoupling of different environmental pressure. To avoid negative effects, policy-makers should
take into consideration the potential effects of economic structure change to decoupling through
the use of integrated policy modelling.

We suggest the following two avenues for future research in this area. First, the issue of
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uncertainties on the quality of urban data can be improved through Monte Carlo simulations.
These simulations can be useful in estimating the margins of uncertainty for environmental
pressure indicators in the agricultural, construction, and the service sectors. Second, the IDA
method used in this research explains the dynamics of environmental pressure indicators from
the production perspective and not from the consumption perspective. For future research, we
suggest further exploration of the driving forces of decoupling from the consumption perspective.
In this avenue, methods from structural decomposition analysis can be of great use.

6. Conclusions

This paper presents Chongging as a case study to explore the decoupling of environmental
pressure from a rapid urban economic development. Our results indicate that absolute
decoupling occurred for emissions of SO,, soot, and waste water, while relative decoupling
occurred for energy consumption, emissions of CO,, and solid waste during the period 1999-2010.
During this period, the decoupling level of Chongging was above the Chinese national average
while below those of Beijing and Shanghai. Our results indicate that technological change had the
highest contribution for inducing decoupling for all environmental pressures while economic
structural change had both a positive and negative contribution. For further decoupling, we
suggest government mandated environmental targets to be integrated with financial incentives,
e.g., financial subsidies and tax rebates, to better promote the effects of technology
advancement by firms. For further decoupling through shifting the economic structure, we
suggest policy-makers to conduct integrated policy modelling to elaborate the best set of
schemes.
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