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Abstract:  In 2005 China announced that together with further economic development, resource efficiency
and protection of the natural environment are becoming policy objectives. This is referred to as a dual-goal
society and the study examines China’s progress in achieving these objectives. It puts forward a model to
assess China’s performance from the point of view of resource efficiency and environmental friendliness.
This model is then applied to analyse data from 30 provinces over the 2003-2009 period. The analysis shows
that China’s fast developing dual-goal society has created a serious regional imbalance. These disparities
need to be adjusted for the dual goal to be achieved at a country level. Further challenges associated with the
factors influencing the development of a dual-goal society and how they impact on China’s national policies
and strategies are also discussed.
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1. INTRODUCTION

China’s resources and environmental issues have become critical for its economic development (Wu, 2004).
In response, the Chinese Government set a lower annual growth target of 7% over its 12" Five-Year Plan
(2011-2015) to ensure more sustainable development. This study examines the progress made towards a
resource-efficient and environmentally friendly society, ie a dual-goal society (DGS), to replace the current
emphasis on economic growth. Established as a concept in 2005, the DGS is an important strategy for a
harmonious relationship between people and nature. Combining science with environmental protection goals,
the aim is to improve efficiency and achieve maximum benefits with minimal resource consumption and
environmental costs. This requires a fundamental transformation of economic growth and this is the focus of
the paper.

Only since 2008 have we seen research emerging on evaluating China’s DGS using both dimensions of
resource efficiency and environmental friendliness. Examples of this are Zeng et al. (2008), Chen and Wang
(2008), the Hu Nan University group (China’s Dual-Goal Society Index System Research Group, 2009), Zhu
and Zheng (2010) and Li and Chen (2010). Researchers have evaluated the DGS by adding more indicators
with little progress made to integrate the two dimensions. This study extends the so far limited research by
establishing an evaluation index system for the DGS and developing an evaluation method. It is then applied
in an empirical analysis of 30 Chinese provincial administrative regions over the period from 2003 to 2009.
Developing a coherent system of indicators that allows the modelling, evaluation and measuring of
sustainability is an essential part of the growing new research area described as sustainometrics (Todorov and
Marinova, 2011). This is a research priority and also something most needed to inform policy making.
Because of its size, measuring and evaluating China’s DGS in particular, is an area of major global interest.

2. THEORETICAL EVALUATION MODEL

The proposed system of indicators for evaluating the DGS is built around relative measures (eg intensity, rate,
ratio, per capita or per unit of production) rather than absolute physical measurement as they are more
relevant to China . Three aggregate indices: resource efficiency index (REI), environmental friendliness
index (EFI) and socio-economic development index (SDI), are used, each representing a suite of relevant
indicators. The indices are combined into a comprehensive index (DGSI). The selection of indicators (see
Table 1) is based on previous research (not described in detail due to space limitations) as well as on data
availability (NBSC, 2004 to 2010). The respective indicator weights in the aggregate index (Table 1) were
determined through an expert evaluation conducted at the University of Science and Technology of China.

Table 1. System of indicators for evaluating China’s dual-goal society

Indicator Status Weight

Energy consumption per unit of GDP (ton of standard coal equivalent/10000 Yuan) ¢, negative 0.2
Resource Energy consumption elasticity coefficient c, negative 0.05
Efficiency Electricity consumption per unit of GDP (kWh/10000 Yuan) c3 negative 0.2
Index Electricity consumption elasticity coefficient c4 negative 0.05
Water consumption per unit of GDP (ton/ten thousand Yuan) ¢s negative 0.2

Area of land use for construction per unit of GDP (hectare /10000 Yuan) ¢ negative 0.15

Fertiliser consumption per unit of agricultural acreage (ton/hectare) ¢; negative 0.15

Industrial waste water discharged per unit of GDP (ton/10000 Yuan) cs negative 0.1

Industrial waste gas discharged per unit of GDP (m*/10000 Yuan) cy negative 0.1

) Cultivated land per capita (hectare )cio positive 0.1
Environ Water resource per capita (m®) ¢, positive 0.1

mental - — - —
. . Accumulation of live timber per capita (m?®) ¢, positive 0.1
Friendliness o —

Index Forest coverage rate (%) ci3 positive 0.1
Rate of industrial waste water meeting discharge standards (%) ci4 positive 0.1

Rate of industry sulphur dioxide removed (%) ¢is positive 0.1

Rate of industrial solid wastes treated (%) ci¢ positive 0.1

Ratio of investment in the treatment of industrial pollution to GDP (%) ci7 positive 0.1

Soci Per capita GDP (Yuan) ¢;s positive 0.2

ocio-

economic Annual increase of GDP (%) cio positive 0.2
Development Rural per capita net income (Yuan) ¢ positive 0.2
Index Per capita disposable income of urban residents (Yuan) ¢, positive 0.2
Proportion of secondary industry and tertiary industry in GDP (%) ¢ positive 0.2
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To capture the DGS dynamics, we compare the regional and longitudinal values of the indices. Due to
measurement and dimension differences, all indicators must be standardised. For comparability of the
aggregate indices across time, we use the 2003 average value as a benchmark which is shown in equation (1).

i

¢ / ¢/"” , when the ith indicator is positive (D
" / ¢;»when the ith indicator is negative

where C;; indicates the ith standardised indicator for region j, c; is the original value of the ith indicator for
region j and ¢; *”* is the ith 2003 national average value.

Each index represents the weighted sums of the contributing indicators as shown in equation (2):

7
1,=Y"WC,
- (2) where 1', I’, I indicate respectively the resource efficiency, environmental
r :ZVVICU friendliness and socio-economic development index for region j, 0<W<lI is the
=8 weight of the ith indicator. Despite its subjective and arguable nature, we have
= < e opted for the widely used expert scoring for determining the indicators’ weight in
P the aggregate index as objective weighting is impossible to achieve.

The evaluation model for the comprehensive index of the dual-goal society can be represented in equation (3).

DGS, =[0D,| = U}y + U} + (1)) o)

where DGS; is j region’s comprehensive index of DGS.

3. EVALUATION OF CHINA’S DUAL-GOAL SOCIETY AT REGIONAL LEVEL

Using statistical data for 30 provincial administrative regions of China over the period from 2003 to 2009, the

three aggregate indices of resource efficiency, environmental friendliness and socio-economic development

are calculated, which allows for the comprehensive index for the dual-goal society to be evaluated. The

following sections describe this analysis, first at the static level with the most recent data of 2009 (see Table 2)
and then at a dynamic level with 2003-2009 data in order to depict some emerging trends.

Overall in 2009 the DGS index is higher for the eastern region of the country with Beijing and Shanghai
being the most developed provinces (see Table 2). This is not surprising given the role China’s two largest
cities have played in its industrialisation and post-industrial development with the rise of the financial sector,
education and other services. They are also transportation hubs and meeting points for industry, government
and many international initiatives. Overall Beijing ranks the highest according to all three individual indices
of resource efficiency (13.1), environmental friendliness (3.7) and socio-economic development (3.5).

However, what is of particular interest is that the indices of resource efficiency and socio-economic
development in the country’s eastern regions are higher than those for its central and western regions, but
their mean environmental friendliness index is relatively lower. This means that the eastern regions
experienced fast economic development, improvements in living standards as well as in their economic
structure and use of resources. However this economic wellbeing has brought about significant
environmental problems as demonstrated by the environmental friendliness index whose values are lower
than for the rest of the country. Similarly, the indices of socio-economic development and resource efficiency
in the central regions are slightly higher than those in the west, and their level of environmental friendliness
is lower. This further evidence suggests that economic development is often accompanied by improvements
in the level of resource efficiency at the expense of environmental quality.

The DGS concept puts China’s regional development in a completely new perspective, one that values a
more balanced approach to the dominant economic focus which prevailed in the development of the eastern
regions. From a DGS point of view, China’s eastern regions have achieved the least development as they
have ignored the importance of the natural environment. The central and western regions have been
developing in a more balanced way. In the future these provinces can take full advantage from the overall
development delay by maintaining a good integration between social, economic and environmental
considerations.
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Since 2003 China has made remarkable achievements in building a DGS across the entire country (Figure 1).
The rate of improvement has been steady across the entire period. In particular, the GDSI rose by 10.4%
between 2007 and 2008, which was followed up by a further 8.2% increase in 2009. Starting from relatively
close values, the improvements in the index have been dramatically fast in the eastern regions. Among other
factors, the 2008 Olympic Games played an important role due to the government’s strict environmental
regulation, supervision by non-governmental organisations and mass media exposure, all of which lifted
significantly the level of the environmental friendliness index for Beijing.

Table 2. 2009 Indices for China’s DGS

Dimensions.

Regions DGSU pgr | ®F1 |sEDI
Beijing 13.996] 13.108] _3.693] 3.521
Tianjin 7.723] _7.093] _1.626] 3.128
Hebei 2772 2.493] 1.127] 1.700
Liaoning 3.562] 4.127] _1.409| 2.095
Shanghai 13.411] 10.828] 1.514] 3.778
East Tiangsu 3.053] 2.839] 1.197] 2.565
China  [Zhejiang 5.088] 4.405] 1.589] 2.739
Fujian 4.177]_3.122] _1.820] 2.197
Shandong 3.963] 3.143] _1.362] 2.150
Guangdong 5203 4.320] _1.880] 2.372
Hainan 2039 1.721] 1.883] 1.530
Mean 6.072] _5.200] _1.736] 2.524
Shanxi 2.744] 1.654] 1.359| 1.462
Tilin 3.465| 1.803] 2.152| 1.812
Heilongjiang | _3.886] _1.381] 3.080] 1.635
Contral |AnBUL 2518 1.554] 1.388] 1.513
criedl [Tiangxi 2919 1.755 1.758] 1.581
Henan 2.829] 4.114] 1.249| 1.594
Hubei 2892 1.853] 1.543| 1.714
Hunan 2.096] 1.850] 1.704] 1.673
Mean 3.031] _1.996] 1.779] 1.623
Inner 3950 1.659 2.847[ 2211
Mongolia
Guangxi 2.601] 1.577] 1.665| 1.510
Chongqing 3.011] 2.129] 1.255| 1.750
Sichuan 3.617] 1.896] 2.719] 1.557
Guizhou 3.456] 0057] 1.790| 1.206
gq.sl' Yunnan 3.600 1.517 3.073| 1.349|
M3 Shaanxi 3178 2.303] 1.636] 1.577
Gansu 2319] 0.605| 1.558| 1.213
Ningxia 2.082] 0063 0.980] 1.587
Qinghai 2480 1584 1.515] 1411
Xinjiang 2.189] 3.146] 1.458| 1.391
Nean 3.862| 1.667| 1.863] 1.524
Mean for China 3.084] 3.050] 1.794] 1.917
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Figure 1. Comprehensive index of China’s dual-goal
society, 2003-2009; compiled from NBSC and MEPC

Between 2003 and 2009 DGSI is significantly higher
than the national average in the east, while in the central
and western regions it is lower (see Figure 1). With the
exception of Beijing (where development has been quite
balanced), this is mainly due to the higher SDI and REI
values. Despite healthy improvements in DGSI, central
and western China remained significantly below the
levels of East China. These regional differences and
overall imbalance are triggered predominantly by the
lower SDI values.

The findings from both the static and dynamic analyses
indicate that China is building its dual-goal society fast.
Five years after adopting these policies at a national level,
its eastern regions are making a significant progress and

are outperforming the central and western parts of the country. This development however is accompanied
with some severe regional differences. With the exception of Beijing, the eastern provinces are undervaluing
the importance of preserving the natural environment and their development lacks integration. On the other
hand, the western and central provinces are experiencing a much more balanced and integrated development
but they are still at a lower level in order to provide a good quality of life for their people.

4. IDENTIFICATION OF THE DGS DEVELOPMENT STATE

Figure 2. State identification model

Figure 2 shows the approach used to develop a typology for
China’s provinces. The state of the country’s regions is
presented by their position in relation to the three circles
describing resource efficiency, socio-economic development
and environmental friendliness. It falls into five categories (S)):
sustainable development, green economy, intensive economy,
ecological balance and non-sustainability, which respectively
correspond to the areas I, I, III, IV and V. These states fulfil the
conditions listed in equation (4).

Table 3 classifies China’s regions according to the above five
states. China has made progress since 2003. Nineteen out of its
30 provinces were in the state of sustainable development in
2009, in contrast to only three in 2003. The regional imbalance
however persists, with 8 out of 11 (or 70%) regions in eastern
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China in a state of SD and 11 out of 19 (or 57%) in that state in central and western China.
S.el, ifand onlyif I, 2Ly:10 2 Ly 15 2 Iy,

S.ell, if andonlyif I <Ly 20,121
! SR 0 4) r 2003, F 2003 and P 2003 Indicate national averages.
S,e UL, if and onlyif I, 2 L1 < Lyys I3 2 oy,

S,e IV, if and onlyif 1}2 1517 2Lyl < Ly,
S,€V, Others.

Table 3. Dual-goal society state of China (2003 and 2009)

Region Province 2003 | 2009 | Region Province 2003 | 2009 Region Province 2003 | 2009
Beijing 0 I Jilin \4 [ Yunnan Vv I
Shanghai 0 I Henan Vv 0 Sichuan V I
Hainan Vv I Hubei Vv I Inner . \ I

Mongolia
Jiangsu 0 0 Cen_tral Anhui Vv 0 Ningxia V Vv
East | Tianjin 0 I China Heilongjiang \Y 11 Western Chongqing \4 0
China |Liaoning 0 I Shanxi \Y 0 China Shaanxi \4 I
Shandong 0 0 Jiangxi Vv 1 Guizhou V 11
Zhejiang I I Hunan \Y 1 Qinghai \4 I
Guangdong I I Guangxi \4 I
Hebei V 0 Gansu V 11
Fujian I 1 Xinjiang \Y 1

I-Sustainable development, [I-Green economy, III-Intensive economy, IV-Ecological balance and V-Non-
sustainability

5. MODEL EVALUATION

Based on statistical data for 30 administrative regions for the period from 2003 to 2009, this study further
uses a simple regression equation in logarithmic form to evaluate the influencing factors on China’s DGS,
namely public finance, technological innovation, structures and foreign direct investment. We use the simple
logarithmic regression equation (5) to conduct the model estimation for the DGS. The logarithmic form of
the equation allows heteroscedastic data to be avoided and improves the accuracy of the model estimation.

DGS,, = B+ BInE, + B,inR & D, + BInPI , + BInPN , + BinFDI , + 1, (5)

where DGS), is the comprehensive index of the dual-goal society for the jth province in year ¢; Ej;, R&D;,
PI;,, PN and FDI;, represent respectively fiscal expenditure, research and development (R&D) expenditure,
the proportion of industrial added value to GDP in j province in year ¢, the ratio of the state and state-owned
enterprises added value to industrial added value and foreign direct investment; #is the random error.

We used SPSS16.0 with ordinary least squares to estimate the logarithmic regression model. According to the
regression results (Table 4), China’s fiscal expenditure does not seem to play an important role in achieving
the dual-goal society. Although fiscal expenditure has been used to enhance socio-economic development,
not enough attention has been paid to the quality of this development.

Table 4. Regression analysis of the influencing factors of China’s dual-goal society

Independent Variable Standardised Coefficients Std. Error t Significance
in (E) 0.140 0.055 1.365 0.174
in (R&D) 0.233" 0.036 1.831 0.069
In (PD -0.163™ 0.101 -2.749 0.007
In (PN) 0.393™ 0.067 4.767 0.000
In (FDD 0.728"" 0.031 6.434 0.000
R*: 0.753 Std. Error of the Estimate 0.25995 \ Observations: 180

Note: *, ** and ***represent significance at 10%, 5% and 1% levels, respectively.

Independent R&D can enhance technological progress through knowledge accumulation and creativity. The
regression results in this study (a statistically significant regression coefficient of 0.233 for R&D) show that
improving R&D funding can promote significantly the dual-goal society. The regression analysis further
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shows that an increase in the ratio of industry value added can impede achieving a dual-goal society (the
regression coefficient for PI is 0.163 and statistically significant). Industrial production is the main trigger of
resource consumption and pollutant discharge. With China’s accelerating industralisation, achieving the DGS
will be challenging without industry upgrades and improving its industrial structure. This study uses the ratio
of state and state-owned enterprises to the total industries to represent the structure of regional property rights.
The regression results (a statistically significant regression coefficient of 0.393 for PN) demonstrate that the
increase in the proportion of the state-owned enterprises can promote the DGS because they have the
advantages of scale and technology, and their production processes are better with respect to conservation
and utilisation of resources and environmental protection. Foreign direct investment plays an important role
in the construction of the dual-goal society. Foreign-funded enterprises (including Clean Development
Mechanism projects) can help improve resource efficiency through modern technology. The regression
results (a statistically significant correlation coefficient of 0.728 for FDI) show foreign-funded enterprises
play a significant role, which indicates that their positive effects on socio-economic growth and resource
saving are stronger than the pollution they produce. This contribution appears to be the most important.

6. CONCLUSION AND RECOMMENDATIONS

China has made incredible progress towards a DGS, but this has generated regional imbalance, with the
eastern regions outperforming the central and western parts. Also the level of integration of the goals of
resource efficiency and environmental friendliness with socio-economic development in the eastern regions
is lower than in the central and western provinces. Therefore policy makers should encourage fiscal policies
and expenditure to play a more active role in achieving this dual-goal society. Not enough attention has been
paid so far to the quality of China’s socio-economic development with expenditures promoting continuously
and mainly economic growth. Regional governments should increase the intensity of investment in
independent R&D. Furthermore, in order to attain a proper integration of resource efficiency, environmental
friendliness and socio-economic development, China needs to accelerate its structural adjustment,
technological innovation, improved management, education and further economic and political reform. This
study shows that focussing on industry growth rather than the quality of industrial development, can hinder
the DGS process. Deepening the structural reform of property rights is conducive to China’s current
economic growth pattern and its optimisation, and is also helpful to significantly promote China’s DGS.

The Government should pay close attention to further strengthening the supervision and regulation of
foreign-funded enterprises when encouraging direct foreign investment. This study finds that the expansion
of FDI can drastically improve the level of DGS and recommends for it to be encouraged. However, China
should not relax its vigilance in respect to protecting its environment. Chinese policy makers and business
people need to have a sound level of environmental awareness. In order to achieve environmental protection
objectives and raise the quality and efficiency of China’s socio-economic growth, deeper environmental
publicity and education are needed to mobilise the public to participate actively in environmental protection.
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