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ABSTRACT 
Economic development and environmental damage are associated, but the relationship 
is neither linear nor even monotonic. In the last few years, many studies have found 
an inverted-U relationship between per capita income and environmental degradation, 
which is known as the Environmental Kuznets Curve (EKC). This paper uses panel 
data in China on industrial waste gas emission, industrial waste water discharged and 
industrial waste solid discharged for the period 1996-2005 to test the relationship 
between per capita income and environmental pollution. The results are compared 
with the EKC hypothesis. Accordingly, some useful policy implications are given to 
coordinate the economic development and environmental protection in China.  
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1. Introduction 

 
1.1 Dilemma between economic development and environmental protection 
    Economic development and environmental damage are associated, but the 
relationship between them is neither linear nor even monotonic. The nature of the 
growth- environment link depends on the changing composition of production and on 
growth- related changes in techniques and environmental policies and so on. 

The majority of the population in the less developed regions live in rural areas, 
and depend directly or indirectly on the exploitation of natural resources, especially 
soil, water, forests, animals and fisheries, for their livelihoods. Households in poor, 
resource-dependent economies face a dilemma. On one hand, they need to exploit 
depletable resources or degradable environmental assets ---- often the only directly 
productive capital to which they have access ---- but, on the other hand, they also 
need to conserve the productive capacity of these assets in order to sustain livelihoods 
over the long term. At the lower level of economic development, the lack of 
alternative opportunities, competition for resources, and uncorrected environmental 
externalities can drive those agents act in ways that not only undermine the 
longer-term health of the natural resources base but also generate social costs at the 
local, national or even global scale. 
   If economic growth poses a direct threat to environmental resources, what is the 
effect of development? As individuals get richer, they value more highly natural 
capital and environmental services, both as economically productive factors and as 
sources of environmental amenity. At the community level, higher valuations are 
associated with increased propensity to conserve these resources, for example through 
the adoption of laws or conventions that constrain environmentally damaging 
activities. Economic growth may be slowed ---- relatively if not absolutely ---- the 
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degree to which incomes depend directly on environmental services and natural 
capital, but development may be increased as a result of the improvement in the 
environment. 

As we know, China is now a fast developing country, but the less-developed 
regions in China also face the dilemma of economic development and environmental 
protection. As they are still at a lower level of economic development compared with 
the coastal areas of China, they bear the pressure to quicken up their steps in 
economic development. Then how to get to this, as they have no more advantages in 
production except the ample natural resources? The tradeoff between economic 
development and environment protection seems inevitable. As the economic 
development goes, what will the relationship between the economic development and 
the environmental degradation be? 
1.2 The Environmental Kuznets Curve (EKC) Hypothesis 
    Many countries and regions have clearly demonstrated extraordinary levels of 
economic performance over the last century, but the question remains as to the costs 
of such success; whether it is achieved through sacrificing environmental quality, and 
in turn, whether there is actually any contribution by environmental degradation 
negatively to economic growth and growth ceases eventually. 

The relationship between economic growth and environmental degradation has 
been the focus of many recent studies. The increased awareness on environmental 
issues has initiated many studies to analyze the relationship between economic growth 
and environmental degradation. A lot of studies recognize that the relationship 
between economic development and environmental quality is tradeoff, at least when 
income is low. An inverted U-type relationship, commonly referred as EKC, has been 
established between the levels of emissions and income, implying that environmental 
degradation increases with income at low levels and then decreases once a threshold 
level of per capita income level is reached (Grossman and Krueger 1995). The 
Environmental Kuznets Curve is named for Kuznets (1955) who hypothesized income 
inequality first rises and then falls as economic development proceeds. In their 
pioneering study, Grossman and Krueger (1993) established the empirical relationship 
between measures of environmental quality and national income while examining the 
likely environmental impacts of the North American Free Trade Agreement. Once a 
country reaches a certain standard of living it will result in leveling off and gradual 
decline of environmental degradation as the concern about environment will become 
relevant and necessary institutional, legal and technological adjustments and higher 
environmental expenditures will be made to decrease the environmental degradation1. 

Total and annual deforestation in Shafik and Bandyopadhyay (1992), rate of 
deforestation in Cropper and Griffith (1994), various air pollutants per capita in 
Selden and Song (1994) and Carbon dioxide per capita in Holtz-Eakin and Selden 
(1995) are all related to per capita income and some other control variables. 

                                                        
1 Further evidence on the issue is provided by Xepapadeas and Amri (1998), who found a positive association 
between the probability of having acceptable environmental quality and state of economic development in a 
univariate and ordered probit models framework. 
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Typically EKC is an inverted U-shaped curve, as is shown in Figure 1. 

o summarize the EKC literature, some environmental indicators (e.g. access to 
clean

onditions that do improve with economic growth are those 
that 

pirical study in the less developed regions in China 
conomic development 

d this paper 
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T
 water, urban sanitation and urban air quality) show improvement with increased 

income, with or without an initial period of deterioration. Other indicators, however, 
show continued worsening as incomes rise (e.g, carbon monoxide emissions and 
municipal waste per capita). The turning point at which environmental improvement 
begins varies from study to study, but often falls in the income range of 
middle-income countries. 

Most environmental c
have local impacts and abatement costs that are relatively inexpensive in terms of 

money and changes in lifestyle (Arrow et al.1995). Environmental problems that 
improve only at higher income levels or that continue to worsen as incomes rise 
generally create impacts that affect only a few people (e.g., solid waste) or that are 
separated by either space and/or time from those creating the pressures on the 
environment (e.g., carbon dioxide emissions). A number of the results also indicate a 
possible N shaped relationship, whereby the indicator of resource use or 
environmental stress begins to worsen again at higher incomes.2

     
2.  Em
   The aim of this paper is to test the relationship between e
and environmental quality in the less developed regions in China. Does it consistent 
with traditional EKC or does it have its own characteristics? If it is in line with EKC, 
what are the real factors behind income that influence environmental quality? If not, 
what is the relationship like and how to explain it? In this paper, panel data of the five 
minority nationalities regions in China is used to answer these questions. 

Most of the less-developed regions are located in West China an
s on areas like Inner Mongolia, Guangxi, Ningxia and Xinjiang to carry out the 

 
2 Grossman and Krueger, 1995, 1996; Shafik and Bandyopadhyay, 1992; Grossman, 1995; de Bruyn et al., 1997. 
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research. A large portion of the population of these areas are minority nationalities. 
These regions have been experiencing rapid economic development, but they still 
represent only a small proportion of the total GDP in China. The minority nationality 
regions represent only about 6% of the total GDP of China. There are many 
similarities in their economic conditions, yet there still exist differences in their 
respective economic development. So the paper will examine them one by one and 
then make a comparison analysis. 
 
2.1 Data 

 the data used in this paper comes from the Chinese Statistical Yearbook 

.2 Model specification 
etric model is used to describe the relationship: 
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   All of
within the last two decades. Several indicators could be chosen to represent the 
environment degradation, such as the volume of industrial waste gas emission (per 
capita GDP), industrial waste water discharged (per capita GDP), industrial sulphur 
dioxide emission (per capita GDP), industrial solid wastes produced (per capita GDP) 
and so on. The GDP data from the Chinese Statistical Yearbook is adjusted by price 
index (1996 is the base year). In the analysis, panel data is used to reflect the 
relationship between economic development and environmental protection. 
 
2
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In order to test the difference among the different mi
ollowing regression model is specified:  
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rged; X represents per capita GDP. 
 
 The regression results of the econom
The relationship between economic development a
ated with equation (1) for the minority nationality regions as a whole and it is 

estimated with equation (2) for the 4 regions respectively. The D·W statistics can be
used to test autocorrelation, A R is added in the equations to eliminate autocorrelation
For the equations have a significant White test, the park test and Gleiser test results 
are used to make a weighted least squares regression to eliminate heteroscedasticity. 
The estimation steps are: (1) Estimate with the equation that includes GDP2 and GDP
(2) Get the conclusion that if a N-shape or inverted N-shape curve exists according to 
the t-statistics. (3)If the GDP3 is not significant in the equation, we re-estimate the 
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(Inner Mongolia); 2 (Guang Xi); i (Ning Xia)
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equation without GDP3. “----” is used to represent the results that are not significan
The regression results are shown in the following two tables. 
Tab 1  Per capita GDP industrial pollution discharged model in minor

t. 

ity nationality regions 
coefficients Pollution 

discharged B1 B B3
adj – R2 Characteristic 

of the curve  
2

industrial 
  2.737 

(21.48)*** 
γ3=-4037(-8.0)*** 

AR(1)=1.05(27.2)*** waste gas 
emission 

---- ---- 0.9126 linear 

industrial 
waste water ---- ---- ---- 0.9824 linear 

Adischarged 

γ1=38162.8(4.52)*** 
γ =107679(15.4)*** 2
γ3=-7265(-1.53)* 
R(1)= 0.97(24.5)*** 

industrial 
waste solid 
discharged 

1.07E-09 
(2.156)** ---- -0.043468 

(-2.636)*** 0.54 N shape γ3=-88.75(-5.2)*** 
AR(2)= 0.357(2.7)*** 

* t sta

2   Pe
tistic in (), *** prese ignifica  1%,5%

Tab ons 
s is shown and “ ”, “**”, “*”re nts a s nt level of  and 10%. 

r capita GDP industrial pollution discharged model in the 4 minority nationality regi
coefficients 

Region Pollution 
discharged B B

adj – R
1 3

 2
Characte
ristic of B2 the curve 

industrial 
waste gas 
emission 

2.03E-07 
（7.52）*** 

-0.0015 
（-5.4）*** 

4.88 
(5.74)*** 0.999998 W=1/RESID^2 N shape 

industrial 
waste 
water 

ischargedd  
---- （-16.5）*** (27.8)*** 0.629065 Inverse-U 

shape  -0.007377 28.50174 Inner 
Mongolia 

d  
---- 2.67E-05 

（4.081）*** 
-0.21055 

(-4.647)*** 0.7277 U shape  
industrial 

waste 
solid 

ischarged
industrial 
waste gas 
emission 

2.10E-07
（12.5）*** ---- ---- 0.923 N shape  

industrial 
waste 
water 

ischargedd  
---- 0.014477

（4.32）*** 
-53.65064 

(-3.468)*** 0.7188 U shape  Guang Xi 

d  

-2.80E-08 
(-2.69)** 

0.000206 
(2.89)** 

-0.454144 
(-3.02)*** 0.999 Inverse-N 

shape w=1/abs(resid) 
industrial 

waste 
solid 

ischarged
industrial 
waste gas 
emission 

---- （17.0）*** ---- 0.9569 U shape  0.00012

industrial 
waste 
water 

ischargedd  

-1.54E-06 
(-3.58)*** （3.198）*** 

-21.7775 
(-2.59)** 0.871 Inverse-N 

shape  0.010747
Ning Xia 

d  
---- -8.91E-06 

（-3.18）** 
0.050438 
（3.14）** 0.5778 Inverse-U 

shape  
industrial 

waste 
solid 

ischarged
industrial 
waste gas 
emission 

6.98E-08 
（2.764）** （-2.18）** （2.149）* 0.9838 N shape  -0.000622 2.22341 

industrial 
waste 
water 

ischargedd  
(3.24)*** （-3.22）*** (3.17)** 0.410937 N shape 

AR(2)= 
-0.2486 9.37E-07 -0.010659 38.39823 

(-2.3)*
* 

Xin Jiang 

d  

3.52E-08 
(2.88)* 

-0.000459 
(-2.95)** 

1.951817 
(-3.699)** 0.7549 N shape  

industrial 
waste 
solid 

ischarged
* i ***”, pres cant 1%,5

F of the 
curv

t statistics is shown n (),and “ “**”, “*”re ents a signifi  level of % and 10%. 
rom the results we can see that the effects of the R-squared and F-statistic 

es are very satisfactory. So the curves can be explained by the models. 
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2.4 Comparisons and regression result analysis 
ns, we can see clearly that their 

econ

 GDP 
as a linear relation with per 

capi

waste water discharged 
is no

ustrial waste solid discharged and per capita GDP 

 industrial waste solid 
disc

.  Discussion and Policy Implications 
urve is obtained in many studies, several 

other
ourse, not a necessity.  

ment 
level

ed regions in West China are 

Comparing the situations of the four regio
omic levels and environmental degradation levels are of much difference. Inner 

Mongolia and Xinjiang have higher economic levels and their environmental 
degradation are modest. Maybe the worst condition is in Ningxia, which has modest 
economic level but suffered the highest degree of environmental degradation. As for 
Guangxi, modest economic level and intermediate environmental condition. 

The regression results are reported as follows: 
(1) Industrial waste gas emission and per capita
Tab 1 shows that the industrial waste gas emission h
ta GDP for the minority nationality regions in China. Tab 2 indicates that in each 

region, the curve is different: there exists a U-shape curve in Ning Xia and a N-shape 
curve in the other 3 regions. Moreover, the 4 regions are all in the upward part of the 
curve, which shows that there is not any evidence that the curve will move 
downwards, and the economic growth may worsen the environment degradation.  

(2) Industrial waste water discharged and per capita GDP 
The regression results of Tab 1 shows that the industrial 
t significantly related to per capita GDP. While in Tab 2, the results in different 

regions have a large difference. An inverted-U curve exists for the relationship 
between industrial waste water discharged and per capita GDP in Inner Mongolia, but 
U-shape in Guang Xi, inverted-N shape in Ning Xia and N-shape in Xin Jiang. They 
all show that the economic growth did not have a positive influence on environment 
quality.  

(3) Ind
For the minority nationality regions as a whole, the
harged increases with per capita GDP. It follows a N-shape curve, and now it 

reaches the upward part of the curve in the right, but the industrial waste solid 
discharged increases slowly. The reason is that although it has a U-shape in Inner 
Mongolia, the curves in the other 3 regions are all inverted-N shape. It reaches the 
upward part of the inverted-N curve in Xin Jiang, but it has moved to the downward 
part of the inverted-N curve in Guang Xi and Ning Xia.  
 
3

Although Environmental Kuznets C
 conclusions may be drawn in the above analysis: 

(1) The Environment Kuzents Curve is only a possible c
The relationship between environment degradation and economic develop
 is not always an inverted U-shaped curve. As in this case, the environmental 

quality in the less developed regions in China was significantly explained by a 
polynomial equation instead of the EKC hypothesis.  
(2) The environmental changes of the less develop
somewhat different from the characteristics of the developed countries and newly 
industrializing countries in their industrialization period.  
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The environmental characteristic of the less developed regions lies in that their 
turn

e is still a possibility that the environment degradation will increase or 
the t

 

ol” is the commonly reached conclusion from studies on the 
rela

 to decrease the environment degradation and 
mak

eference: 
 S.M.R., 1993. The Kuznets process and the inequality-development 

American Economic Review. 

                                                       

ing point appeared in their early economic development stage with lower per 
capita GDP contrasted with higher per capita GDP in other countries. Some 
economists estimate that the turning point of the SO2 emission into the air will occur 
when per GDP reaches between US$2900 to US$38003; and some estimate it over 
US$8000.4 All of them are far beyond the per capita GDP of the less developed 
regions in China which falls between about 624US$ and US$1013. And also their 
environmental degradation speed is less than the economic development speed, 
especially in Tibet and Xinjiang. So now they still have good environmental 
foundations. 

But ther
urning point won’t come if the local production cause huge environment pollution 

in the wake or they surge in their resources-intensive production as they are now still 
at a low economic development level and they possess abundant resources. So they 
should keep on devoting efforts to environmental protection to avoid further pollution. 
(3) We could not depend on the endogenous reduction mechanism to achieve high 
environmental quality.  

“Pollute before contr
tionship between environmental quality and income, especially the EKC 

hypothesis. That is to say, economic growth may spontaneously resolve the 
environmental problem. Actually, EKC curve may be wrongly got because it ignores 
the factors influencing environmental quality other than income5. Even when we 
suppose that EKC is true, the shape of the EKC is changeable. It depends on a series 
of human activities and the turning point will appear earlier if human activities are 
environmentally friendly, vice versa.  

A host of measures could be taken
e the turning point come earlier. Firstly, to reduce the emission volume of the 

pollutants during production through technology innovation and diffusion; Secondly, 
the government should strengthen propaganda against environmental pollution and 
continue to increase the investment in environmental protection; Thirdly, the 
government should realize the internalization of the external costs of the environment 
pollution through the formulation and enforcement of the environmental laws and 
policies. In conclusion, government efforts to set the appropriate regulations, to invest 
R&D in technological progress should be indispensable to resolve the environmental 
problem. 
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