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Abstract: This study analyzes Tianjin’s eco-efficiency trends during the period 2001-2013
and reasons for their changes, with the aim of contributing to efforts to ensure the city’s
sustainable development. While eco-efficiency of all of the indicators that we analyzed
showed improvements during the study period, a gap remained in comparison to the more
advanced eco-efficiency observed both domestically and internationally. We subsequently
introduced decoupling indices to examine the decoupling relationship between environmental
pressure and economic growth. This analysis demonstrated that some progress occurred
during the study period resulting from the implementation of existing policies and
measures entailing resource conservation and reduction in the emission of pollutants.
The latter applied, especially, to sulfur dioxide (SO2) and chemical oxygen demand (COD),
which both retained strong decoupling states from 2006 to 2013. Other indicators showed
an apparent tendency toward decoupling, but most displayed weak decoupling.
These findings indicate that further efforts are urgently required to promote strong
decoupling. At the end of the twelfth Five-Year Plan period, Tianjin should consider
formulating policies from the perspectives of resource consumption and pollutant
emissions reduction to promote further sustainable development.

Keywords: eco-efficiency; decoupling analysis; sustainable development; Tianjin




Sustainability 2015, 7 15408

1. Introduction

In light of reforms and the opening up of its economy in 1978, China has been experiencing rapid
economic development. While this process has propelled China into becoming the world’s second
largest economy, it has also been accompanied by a range of resource-related and environmental
problems, such as depletion of water resources and extensive smog. The simultaneous occurrence of
these critical issues creates bottlenecks that may affect future sustainable development (SD). The need
to find efficient ways of balancing economic growth and environmental protection to pursue
sustainability in China is, thus, a pressing issue for policymakers.

The concept of eco-efficiency, which has received considerable attention in the SD literature, is an
approach that focuses on the relationship between the economy and the environment. In recent years,
eco-efficiency strategies are frequently discussed as possible contributions to lower resource
consumption and emissions while maintaining or increasing the value of economic output, namely,
“decouple” resources use and waste emission from economic growth, and have been applied to
industrial sectors, regions, and nations [1-7]. However, one recurrent criticism of eco-efficiency
strategies is that the increase in efficiency can be subject to rebound effect, i.e., the efficiency
improvements will increase rather than reduce consumption, which is also referred to as Jevons’
paradox [8—10]. Currently, several organizations and academic groups has defined “decoupling”, and a
body of literature based on decoupling theory further extends evaluations of the relationship between
environmental pressure and economic growth [11-13]. Organization for Economic Co-operation and
Development (OECD) views the decoupling effect as a disconnection of the relationship between
economic growth and environmental pressure, and distinguishes between an absolute and a relative
decoupling effect [14]. Based on the OECD method, Lu et al. [15] have analyzed decoupling effects in
relation to economic growth, transportation energy demands, and CO2 emissions in Germany, Japan,
Korea, and Taiwan. Freitas and Kaneko [16] have examined the occurrence of a decoupling of
economic growth and CO2 emissions in Brazil. Conrad and Cassar have investigated the decoupling of
economic growth and environmental degradation in Malta [17]. To investigate the degree of the
decoupling effect in the EU, Tapio [18] has introduced elasticity theory into the decoupling index and
extended the theoretical framework of decoupling analysis. Wang ef al., have examined conditions for
the decoupling of the domestic extraction of materials, energy use, and sulfur dioxide (SO2) emissions
from the GDP of four selected countries [19]. Although there have been arguments about the possibility
or feasibility of realizing decoupled economy and further research is needed [20—22], based on existing
studies, the eco-efficiency concept and decoupling analysis can act as feasible tools to assess
sustainability and provide policymakers with helpful information to design better environmental policies.

The regional scale is considered the most appropriate scale for implementing actions aimed at
promoting SD [23]. In light of previous studies, we took Tianjin as our case study for evaluating
sustainability trends from 2001-2013 using the eco-efficiency concept and decoupling analysis.
Tianjin, which is located in China’s Bohai area, is one of the four municipalities directly under the
Central Government of China and is also a pilot city for developing both low-carbon and a circular
economy. Tianjin is expending considerable efforts to construct an eco-city and is under pressure to
come up with effective ways of achieving sustainability along with rapid industrialization and
urbanization. This situation has prompted the current study. The study period is from 2001 to 2013
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which covers the following Five-Year Plans (FYPs): the tenth (2001-2005), the eleventh (2006—-2010)
and the first three years of the twelfth FYP (2011-2015). The city also experienced one of the highest
economic growth rates. Thus, the results of this analysis will provide Tianjin’s government with
appropriate guidelines for formulating scientifically grounded and effective policies for the upcoming
period of the thirteenth FYP in the context of ongoing economic development. They may also offer
insights to other regions that are implementing initiatives for promoting sustainability.

The rest of the paper is organized as follows. Section 2 presents the research methodology and data
sources, together with associated limitations. Section 3 discusses the empirical results, and Section 4
offers conclusions along with our policy recommendations.

2. Methodology and Data Sources
2.1. Eco-Efficiency Analysis

Eco-efficiency can be viewed from many perspectives. Eco-efficiency reveals the output or return
that is created relative to the harm or burden that is caused [24]. According to the publication
“Changing Course” of the World Business Council for Sustainable Development (WBCSD) in 1992,
the term eco-efficiency envisions the production of economically-valuable goods and services while
reducing the ecological impacts of production, in other words, producing more with less [25,26].
Eco-efficiency also refers to the ability of firms, industries, regions, or economies to produce more goods
and services with fewer impacts on the environment and less consumption of natural resources [4]. It is
often measured as a ratio of useful outputs (products and services) to environmental inputs (e.g., water
consumption and energy consumption) or undesirable environmental outputs (e.g., emission of air and
water pollutants). In our study, eco-efficiency was defined as follows:

Economic performance

Eco-effici = : i
co-etheiency = & Vironmental impacts )

Economic performance was measured by real GDP at constant RMB prices (in billion Yuan) using
2000 as a base year. There are several types of environmental impact indicators with both qualitative
and quantitative characteristics. Our study did not cover the qualitative aspects of sustainability such as
social and cultural indicators while particular focus was given on quantitative ones which have been
broadly classified into natural resource consumption indicators (e.g., fossil fuels), pressure indicators
(e.g., CO2 emissions), category indicators (e.g., acidification), and total environmental impact indicators.
Based on considerations of measurability, data availability and quality, and policy interests, we selected
two types of eco-efficiency indicators for our study: efficiency of the resource (RE) and efficiency of
the environment (EE) [2,27]. RE includes energy consumption (EC) and water resource consumption
(WC). EE includes the major air pollutants, namely, SO2, fumes (including industrial dust, consistent
with statistical data), and carbon dioxide (CO2), and key water pollutants, namely, chemical oxygen
demand (COD), and ammonia nitrogen (AN). These indicators directly reflect different aspects of
regional environmental pressure and can be easily understood by policymakers as well as by the
general public.
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2.2. Decoupling Indices and Methods

Whereas previous studies have predominantly focused on a single indicator of environmental
impact resulting from economic growth, especially, CO2 emissions, several recent studies have
examined scientific indicators of decoupling [12,28].

There are two main decoupling models for quantifying degrees of decoupling with similar
applications in analyses of the decoupling relationship between environmental pressure and economic
growth. The first model focuses on the decoupling factor introduced by the OECD [14] and the second,
formulated by Tapio, is based on the concept of elasticity. In economics, elasticity is calculated as the
ratio of the percent change in one variable to the percent change in another variable during a given
time period [18,19]. This decoupling model is expressed by the following formula:

_ YAE _ (Ei/Ei—l _1)
" %AGDP (GDP/GDP_, —1) 2

where ¢ denotes the decoupling elastic coefficient; %AE represents the growth rate of an
environmental impact (e.g., energy consumption or SO2 emission) between the end and the base period
(the time interval is one year in this study); and E; and E; -1 represent the environmental impact of year
i and year i — 1, respectively. The %AGDP denotes the growth rate of GDP from the last phase to the
base period, and GDP; and GDP; -1 represent the GDP of years i and i — 1, respectively. Table 1 shows
eight possible decoupling states based on the decoupling elasticity value [18,29].

Coupling occurs when the decoupling elastic coefficient value falls within the range of 0.8-1.2,
implying that the dependence of economic growth on environmental impacts is reinforced. Coupling
can be divided into two types: expansive coupling in which both GDP and environmental impact
increase and recessive coupling in which both GDP and environmental impact decrease. Negative
decoupling comprises three subcategories: strong negative decoupling in which GDP decreases,
environmental impacts increase, and the elastic coefficient value is negative; weak negative decoupling
in which GDP and environmental impact both decrease, and the elastic coefficient value is in the range
of 0-0.8; and expansive negative decoupling in which GDP and environmental impact both increase,
and the elastic coefficient value is >1.2. Weak, strong, and recessive decoupling each denote a
situation wherein the dependence of economic development on the environmental impact is declining.

Table 1. The framework for determining decoupling states.

Categorization € AE AGDP
) Expansive coupling 08<e<12 >0 >0
Coupling ) .
Recessive coupling 08<e<12 <0 <0
Expansive negative decoupling €>1.2 >0 >0
Negative decoupling Weak negative decoupling 0<e<0.8 <0 <0
Strong negative decoupling e<0 >0 <0
Recessive decoupling e>1.2 <0 <0
Decoupling Weak decoupling 0<e<08 >0 >()

Strong decoupling €<0 <0 >0
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Of the eight decoupling possibilities, four may be unrealistic since negative GDP growth did not
occur during the study period. Expansive coupling and expansive negative decoupling were
unsatisfactory, while weak decoupling and strong decoupling were relatively acceptable.

2.3. Data Sources

As previously mentioned, the study period extended from 2001 to 2013 (2000 was considered the
base year). This period fully covered the tenth and eleventh FYPs and part of the twelfth FYP in China. We
adopted the GDP measure, cited in the Tianjin Statistical Yearbook 2014 [30] in billion Yuan at a
constant RMB price for the base year 2000, for our economic data. The data on energy consumption
were compiled from the energy balance table provided in the China Energy Statistical Yearbook [31]
in units of 10,000 tons of coal equivalents (TCE). We estimated CO2 emissions associated with the
ultimate energy consumption of coal, coke, natural gas, liquefied petroleum gas, crude oil, gasoline,
kerosene, diesel, and fuel oil relating to primary, secondary, and tertiary industries as well as
residential consumption during the study period. Estimations were calculated by applying the approach
proposed in the 2006 IPCC Guidelines for National Greenhouse Gas Inventories [32]. All other data
were extracted from China’s official national statistics. All of the computations were performed using
the Microsoft Excel application.

3. Results and Discussion

During the study period (2001-2013), the annual growth rate was 14.9% which was much higher
than the national average. Tianjin’s GDP increased from 190.6 billion RMB to 1032.2 billion RMB
(based on the constant price in 2000) [30]. Despite the adoption of a number of energy-saving
measures, energy consumption, in concert with ongoing industrialization and urbanization processes,
has shown an annual increase from 29.18 million TCE in 2001 to 88.23 million TCE in 2013.
However, Tianjin’s annual water consumption showed little change. The average volume consumed
was about 2193.7 million cubic meters per year, with an annual variation of £9%. From 2001 to 2013,
the absolute quantities of discharged fumes, COD, and ammonia nitrogen (AN) decreased by factors of
0.56, 0.62, and 0.39, respectively. Conversely, the absolute quantities of SO2 and CO:2 discharged
increased by factors of 1.084 and 2.01, respectively. Figure 1 presents a comparison of the annual GDP
value in relation to each of the selected indicators of environmental pressure (e.g., energy
consumption, CO2 emissions, and COD emissions) based on a relative scale. That is, the value
obtained for each indicator was divided by the corresponding value in 2001, as the reference year, and
the results were multiplied by 100, thus enabling the inclusion of indicators with different units or
magnitudes within the same figure.

We used the methods described in Section 2 to examine eco-efficiency trends and levels of decoupling
of environmental pressures from economic growth in Tianjin during the period from 2001-2013.
The results obtained are presented below.
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Figure 1. Trends for WC, EC, CO2, SOz, fumes, COD, and AN emissions in Tianjin in
relation to GDP from 2001-2013.

3.1. Eco-Efficiency Trends Analysis

As shown in Table 2, all of the eco-efficiency indicators in Tianjin improved during the study
period. The most notable improvements occurred for fumes associated with air pollutant emissions and
for AN among water pollutant emissions.

Table 2. Results of the eco-efficiency evaluation for Tianjin from 2001-2013.

wC?* ECP® CO;¢ SO0;Y Fumes?! COD? AN
2001  90.2 6532.1 5061.2 95.3 121.6 1024 3874
2002 107.6 7108.1 56133 914 176.5 120.0 1263.8
2003 120.2  7670.7 7216.3 95.1 197.9 189.1 1567.6
2004 130.0 77252 @ 6742.6 1253 2773 208.4 1851.1
2005 145.7 8033.3 7210.6  123.8 298.3 2246 16743
2006 167.3 8363.3  7239.1 147.6 4182 263.2 2070.2
2007 188.9 8794.5 72353  177.6 523.7 316.6 29143
2008 2363 94419 81044 2109 657.7 380.5 3531.5
2009 2574 10,043.8 90354 2493 880.6 443.6 4924.7
2010 318.8 10,1589 10,4443 294.6 963.1 5247 5401.1
2011 359.0 10,610.5 11,540.0 349.2 1061.9 667.9 3955.8
2012 4309 11,178.0 12,606.5 408.6 1091.5 796.8 4698.1
2013 4345 11,698.5 13,616.6 476.0 1180.2 929.0 53979
2 Unit: Yuan/m?; ® Unit: Yuan/TCE; ¢ Unit: Yuan/ton; ¢ Unit: 10* Yuan/ton.

3.1.1. An Analysis of the Eco-Efficiency of Resource

As shown in Figure 2, the eco-efficiency of WC increased annually during the study period at an
average annual growth rate of 14.2% (a factor of 4.82) from 90.2 to 434.5 Yuan/m®. This indicated an
absolute advantage compared with the eco-efficiency of WC in other Chinese provinces during the
same period [33]. On the one hand, this improvement could be attributed to the much higher growth
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rate of GDP (see Figure 1). On the other hand, a series of water-saving measures ensured the volume of
water consumed remained stable. These included improving the recycling rate of industrial water, reducing
leakage of water from the network of supply pipes, and enhancing agricultural irrigation efficiency.
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Figure 2. Eco-efficiency trends for water and energy consumption in Tianjin from 2001-2013.

The eco-efficiency of EC indicates how much GDP can be produced from the use of one unit of
energy, providing a good measure of an economy’s energy efficiency. This, too, showed an annual
increase (see Figure 2), from 6532.1 to 11,698.5 Yuan/TCE, with a smaller average annual growth rate
of 5.0%. This improvement was a result of energy efficiency improvement and energy saving.
Although the energy-saving target of increasing eco-efficiency of energy consumption by 25%, as
stipulated in the eleventh FYP, were exceeded (a 26.5% increment has been achieved), the eco-efficiency
of Tianjin remained lower than that of Beijing and Shanghai for the same period. Thus, for example,
the eco-efficiency values of EC in Beijing and Shanghai in 2013 were 18,958.5 Yuan/TCE and
15,252.1 Yuan/TCE, respectively. Since structural effects may affect energy consumption to some
degree [34], the gap in the eco-efficiency of EC between Tianjin, Beijing, and Shanghai can be
explained from the perspective of differences in the industrial structures of these cities. Taking 2010 as
an example, the share of primary, secondary, and tertiary industries in Tianjin was 1.6%, 52.4%, and
46.0%, respectively. These figures differed significantly from those for Beijing (0.9%, 24.0%, and
75.0%, respectively) and for Shanghai (0.7%, 42.0%, and 57.3%, respectively). Evidently, secondary
industry remained dominant in Tianjin, with high consumption of energy by key industries such as
smelting and pressing of metals and manufacture of chemical materials and products. Concurrently, the
development of a modern service industry in Tianjin is lagging behind.

3.1.2. An Eco-Efficiency Analysis of the Environment

The actions of central and local governments reflect the fact that reduction of pollutant emissions is
a primary objective aimed at achieving sustainability. There have been significant achievements in this
area resulting from the implementation of a number of measures during earlier previous FYPs [35,36].
These include optimization and adjustment of energy and industrial structures to reduce emissions

(structure emission reduction), implementation of key energy-saving emission reduction projects
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(project emission reduction), emissions reduction management in key industries (management
emission reduction), technology development and application, eco-industrial park construction, and
circular economy development.

Eco-efficiency relating to emission of air pollutants, namely, CO2, SOz, and fumes all increased
during the study period as shown in Figure 3. The most significant increase in eco-efficiency was
observed for fumes which rose by a factor of 9.70. Conversely, the slowest increase was observed for
CO:2 which rose by a factor of 2.69 because of the rapid growth rate of CO2 emission at 38.14 million
tons of emission increment, with an annual average increase rate of 6.0%. The eco-efficiency of SOz
rose by a factor of 4.99.
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Figure 3. Eco-efficiency trends for air pollution emissions in Tianjin from 2001-2013.

Carbon intensity is defined as the ratio of CO2 emission to GDP which is the reciprocal value of
the eco-efficiency of CO2. According to our calculations, Tianjin’s carbon intensity was about
0.793 ton/10,000 Yuan in 2012 (i.e., 10,444.3 Yuan/ton, at a constant price for 2000). This value was
higher than the overall value for China in 2012 (2.436 ton/10,000 Yuan, based on the constant price for
2000), calculated by Yu ef al. [37]. During the 12th FYP period (2011-2015), the Tianjin government
proclaimed a quantitative target of a 19% reduction in carbon emission intensity [38]. Several factors
can affect energy-related CO2 emissions, such as economic development, energy intensity, industrial
structure, and the ultimate energy consumption structure [28,39]. In line with the changing trend that
has been evident from 2011, fulfillment of the established target should be feasible.

The reduction in SOz emissions contributed to enhancing the rise in eco-efficiency. Over the
duration of the tenth, eleventh, and twelfth FYPs, SOz has remained one of the targeted pollutants for
emissions reduction. The amount of SO2 discharged peaked in 2005 at 0.265 million tons, fulfilling the
goal of a 20% decrease in relation to emissions in 2000. In 2010, the amount of SOz discharged was
0.235 million tons, indicating that the goal of a 10% decrease in relation to the 2005 emissions had
been achieved. The Tianjin Municipal Environmental Protection Bureau announced a 9.4% SO:
emissions reduction goal for 2011-2015 during “The 12th Five-Year Plan for Tianjin’s environmental
protection”. Although Tianjin has made remarkable progress in relation to SO2 eco-efficiency, there is
still room for further improvement when compared with Beijing and Shanghai. For example, the SO2
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eco-efficiency values of Beijing and Shanghai in 2013 were 1602.6 x 10* Yuan/ton and
827.2 x 10* Yuan/ton, respectively. These values exceeded those of Tianjin (476.0 x 10* Yuan/ton) as
well as Chongqing (166.8 x 10* Yuan/ton).

The eco-efficiency of fumes in Tianjin increased annually at an average annual rate of 21.7% from
121.6 x 10* Yuan/ton to 1180.2 x 10* Yuan/ton from 2001-2013. This situation was better than that of
Chongqing, but not as good as the eco-efficiency increases for Beijing and Shanghai. For instance, in
2013, the eco-efficiency values for fumes in Beijing, Shanghai, and Chongqing were
2351.2 x 10* Yuan/ton, 2206.5 x 10* Yuan/ton, and 508.2 x 10* Yuan/ton, respectively.

In the case of water pollution, discharge of COD and its eco-efficiency improved at an annual rate
of —3.8% and 20.7%, respectively (see Figure 4). These values are lower than the corresponding
measures for AN which indicate improvements in discharge and the eco-efficiency indicator at annual
rates of —2.8% and 33.4%, respectively (see Figure 4).
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Figure 4. Eco-efficiency trends for emission of water pollutants in Tianjin from 2001-2013.

During the study period, COD was also one of the targeted pollutants for emissions reduction, while AN
was only included during the periods of the tenth and twelfth FYPs. The amounts of COD discharged in
2005 and 2010 were 0.146 million tons and 0.132 million tons, respectively. Both amounts indicated
fulfillment of the goal of a 10% decrease for the tenth and eleventh FYP periods. The above reduction can
be primarily attributed to project emission reduction which has greatly improved the sewage treatment rate.
The Tianjin Municipal Environmental Protection Bureau declared emission reduction goals of 9.2% and
10.4% for COD and AN, respectively, from 2011 to 2015 in “The 12th Five-Year Plan for Tianjin’s
environmental protection”. The reduction of pollutant emissions has contributed to enhancing their
eco-efficiency.

Of municipalities under the direct jurisdiction of the Central Government, Tianjin’s COD eco-efficiency
was the highest at 929.0 x 10* Yuan/ton in 2013. The corresponding COD eco-efficiency values of Beijing,
Shanghai, and Chongqing were 782.4 x 10* Yuan/ton, 899.3 x 10* Yuan/ton, and 338.3 x 10* Yuan/ton,
respectively. Tianjin ranked in second place for AN eco-efficiency. The AN eco-efficiency of
Beijing, Tianjin, Shanghai, and Chongqing were 7077.4 x 10* Yuan/ton, 5397.9 x 10* Yuan/ton,
4299.9 x 10* Yuan/ton, and 2313.2 x 10* Yuan/ton, respectively.
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Although all of the eco-efficiency indicators that we analyzed for Tianjin improved during the study
period—and have, to some extent, contributed to measurements of the city’s sustainability—the
question of how to further improve eco-efficiency remains.

3.2. Decoupling Analysis

Table 3 shows states of environmental impact decoupling from economic growth for the period
2001-2013. These results provide a number of insights as discussed below.

Table 3. Results of decoupling analysis for Tianjin from 2001 to 2013.

Water Energy CO; SO, Fumes COD AN

2001 WD WD SD SD SD WD EN
2002 SD WD WD EN SD SD SD
2003 WD WD SD WD WD SD SD
2004 WD EC EN SD SD WD SD
2005 WD WD WD EC WD WD EN
2006 SD WD EC SD SD SD SD
2007 WD WD EC SD SD SD SD
2008 SD WD WD SD SD SD SD
2009 WD WD WD SD SD SD SD
2010 SD EC WD SD WD SD WD
2011 WD WD WD SD WD SD EN
2012 SD WD WD SD WD SD SD
2013 EC WD WD SD WD SD SD

WD: weak decoupling; SD: strong decoupling; EC: expansive coupling; EN: expansive negative decoupling.
3.2.1. Water and Energy Consumption

As is evident from the first column of Table 3, decoupling effects for water consumption and
economic growth were weak, as well as strong, for most of the years of our study period. However, the
expansive coupling state that occurred in 2013 serves as a warning signal of overconsumption of
water. Figure 5, which shows the growth rates of GDP, WC, and EC from 2001-2013, indicates that
the growth rate of GDP peaked at 17.4% in 2010, subsequently declining to reach 12.5% in 2013.
However, the growth rate of WC fluctuated during the study period and peaked at 11.6% in 2013.

20.0% -

L LULLLL kL

Growth rate

2001 2003 2004 2005 2006 2007 2 2009 2 2011 2013
-5.0%

-10.0%
Year

mGDP = Water Consumption Eenergy Consuption

Figure S. Growth rates of GDP, WC, and EC in Tianjin from 2001-2013.
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From 2001 to 2013, with increasing energy consumption corresponding to the fast pace of economic
growth, decoupling of energy consumption and economic growth was characteristically weak. This
indicated that although annual energy consumption continued to rise during this period, energy
efficiency was evidently enhanced, and the increase in consumption lagged behind the pace of
economic growth for most of this period. An expansive coupling effect occurred in 2004 and 2010
which can be attributed to the fast pace of growth of EC during these two years, as shown in Figure 5.

3.2.2. Emissions of Air and Water Pollutants

The fourth column of Table 3 indicates that there was a strong decoupling effect (eight out of
13 states) and a weak decoupling effect (two out of 13 states) for CO2 emissions and economic growth
in Tianjin during most of the years from 2001-2013. This is consistent with the results of a decoupling
study conducted at the provincial level of China [29]. There was also an expansive coupling effect
during two years (2006 and 2007) and an expansive negative decoupling effect in 2004. In 2007 the
decoupling elasticity reached its peak at 1.01, implying that the increasing rate of carbon emissions
almost equaled that of the GDP, as shown in Figure 6. This fast pace of growth of CO2 emissions was
brought under control from 2008 onward, evidenced by a considerable decline in decoupling elasticity
from 2008-2013. This trend indicated a much slower pace of CO2 emissions compared with that of the
GDP. Furthermore, the large proportion of the weak decoupling effect implies that although there has
been some progress relating to the control of CO2 emissions, there is an urgent requirement for a
variety of policies to direct the current phase toward strong decoupling. Therefore, to break the
connection between CO2 emissions and economic growth, and to achieve Tianjin’s carbon emission
intensity target (a decrease of 19% from 2010 to 2015), the government will need to introduce further
effective measures.

Tianjin achieved a strong decoupling effect for SO2 emissions during the latter half of the study
period from 2006-2013 (including the period of the 11th FYP and the first three years of the twelfth
FYP). Additionally, weak decoupling was evident in 2003, while expansive negative decoupling and
expansive coupling occurred in 2002 and 2005, respectively, mainly as a result of the relatively high
SO2 emission growth rate during these two years (see Figure 6).

30.0%

20.0%
0.0%
200 2005 200 "00

2 ”00 2010 2011 2012 2013

Growth rate

-20.0%
-30.0%

-40.0% -
Year

mGDP mCO2 SO2 mFumes

Figure 6. Growth rates of GDP, CO2, SOz, and fumes in Tianjin from 2001-2013.
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During the study period, decoupling effects for emissions of fumes were mainly strong and weak.
However, excessive volatility of the growth rate for fumes caused the decoupling state to become
complex (see Figure 6).

In general, COD emissions alternated between strong and weak decoupling states during the study
period. They revealed an apparent overall tendency toward strong decoupling. In 2001, a shift occurred
from weak decoupling to strong decoupling, with the latter prevailing during 2002 and 2003. This was
followed by a period of short-term volatility in 2004 and 2005 (weak decoupling) and, subsequently,
by a sustained period of strong decoupling during 2006-2013.

The elasticity values for AN varied a great deal during the study period. Strong decoupling effects
for AN emissions and economic growth occurred during most years. Additionally, expansive coupling
occurred in 2001, 2005, and 2011 because of the fast pace of increase of emissions during these years
(see Figure 7) and the weak decoupling that occurred in 2010.

80.0%
60.0%

2004 2005 2006 2007 2008 2009 2010 u COD
AN

Growth rate
o
2
o~

![LLLLLIl I[ "GPP
2001 2002 3 2011 2012 "013

Year
Figure 7. Growth rates of GDP, COD, and AN in Tianjin from 2001-2013.
4. Conclusions and Policy Recommendations

In this paper, we have analyzed Tianjin’s eco-efficiency trends and the decoupling relationship
between environmental pressure and economic growth from 2001 to 2013. This study is aimed at seeking
efficient ways of achieving sustainability in Tianjin. Several conclusions follow from our findings.

The eco-efficiency of all of the indicators analyzed for Tianjin improved during the study period,
and Tianjin made significant progress in reducing its emissions of air and water pollutants. The one
exception was CO2, with a continual increase in the discharge amount and, conversely, a continual
decrease in CO: intensity. Notwithstanding these improvements, promotion of resource efficiency
should be accorded high priority in the long run, because there is still an evident gap in Tianjin’s
eco-efficiency levels compared with those at the domestic and international scales.

Our decoupling analysis has demonstrated that some progress has been made in decoupling GDP
growth from environmental pressure in Tianjin. This can be attributed to the implementation of
existing policies and measures entailing resource conservation and reduction in the emission of
pollutants, especially SO2 and COD, which both retained strong decoupling states after 2006. Other
indicators have shown an apparent tendency toward decoupling, but this decoupling has been weak,
mainly, emphasizing the need for further concerted efforts to promote a shift to strong decoupling.
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To sum up, although some achievements relating to sustainability have been evident in Tianjin,
challenges remain and require appropriate responses. Based on the empirical analyses that we have
presented in this paper, we offer the following policy recommendations. These can be taken up by the
Tianjin government, subsequent to the completion of the twelfth FYP, and incorporated into the
thirteenth FYP to promote sustainable development.

(1) Resource consumption. At the current juncture, improvement in resource consumption
efficiency should be prioritized. The administration is expected to continue its efforts to strengthen
water saving, seawater desalination, and renewable water recycling. These are accomplished through the
implementation of mandatory measures (e.g., setting water consumption quota standards for industries
with high water consumption), introduced in parallel with practicable financial incentives (e.g., stepped
water price system). Industrial structural adjustments, low carbonization, and technological innovations
will result in further improvements in the comprehensive efficiency of energy consumption.

(2) Reductions in the emission of pollutants. We would advise the administration to significantly
enhance structure emission reduction and management emission reduction. This is because existing
achievements in emission reduction can be mainly attributed to the installation and operation of
emission reduction projects. However, in recent years, the potential for project emission reduction has
significantly decreased. In order to reduce emissions of air pollutants, so as to improve ambient air
quality, the administration needs to expand the use ratio of natural gas and other clean energy, speed
up the construction of non-coal-fired areas, promote the usage of clean coal in rural areas, prohibit
straw burning and put forward its comprehensive utilization, and enhance emissions reduction of
VOCs and NH3 in the near future. In the meantime, the promotion of clean aquaculture and ecological
livestock breeding, the improvement of rural sewage treatment, and the pollution load reduction of
planting industry need to be strengthened. We further recommend that the administration gives full
consideration to the co-benefits of simultaneously reducing the emissions of various pollutants, for
example, by controlling localized air pollutants, such as SOz and reducing CO2 emission per unit of
GDP, with the aim of cutting costs.

This study has explored the eco-efficiency of only seven indicators, and its assessment of the
decoupling status of Tianjin has been limited by data availability. A possible extension of this study
would be to further compare the eco-efficiencies and environmental performances of different regions
in China to uncover the underlying reasons behind these differences over time.
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